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ADVEBTISEMENT. 



'['he Committee appointed by tlie Roi^al Society to direct the publication of the 
Philosophical Transactions, take this opportunity to acquaint the Public, that it fully 
appears, as well from t he Council-books and Journals of the Society, as from repeated 
declarations which have been luude in several hjuner Tninsacfiotis, that tlie printing 
of them was ahvajii, from time to time, the single act of the respective Secretaries 
till the Forty-s«venth Volume; the Society, as a Body, never interesting themselves 
any further in their publication, than by occasionally recommending the revivBl of 
them to some of their Secretaries, when, from the particular circumstances of their 
af&irs, the TVonJOdibtu had happened for any length of time to be intermitted. And 
this seems principally to have been done with a vieir to satisfy the PnbUc, that tbdr 
usual meetings were then continued, for the tmprovement of knowledge, and lMn«ft 
of QUttikuid, the great ends of their first institation by the Royal Charters, and whieb 
they have ever nnoe steadily punned. 

Bat the Sodety haag of late years gi-eatly enlarged, and their oominmucatioiui 
m/Oft nmneroQSj it was thonght advisable that a Committee of their members should 
be appmnted, to reconnder the papers read before them, and select oat ui them such 
as tb^ shoold judge most proper for publication in the fliture TratuacHons ; which 
was accoidingly done upon the 26th of March 1763. And the grounds of thdr 
choice are, and will oontinae to be, the importance and dngularity of the subjects, or 
the advantageous manner of treating them s without pretending to answer for the 
certunty of the &cts, or propriety of th« reasonings, contained in tiie several papers 
BO published, which must still rest on the credit or judgement of thdr respective 
authors. 

It is likeirise neccsaaiy on this occasion to remailc, that it is an estsblisbed rale of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 
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npoD any antgeety cither of Nature or Art, that oomes before them. And therelbire 
the thanks* which are frequently propoeed froin ti» Chair, to he given to the anthors 
* of such pepen as are lead at their aocustomed meetit^ or .to the persons through 
wiMMe hands th^ received them, are to be ooniidered in no other liglit than as a 
nmtter of dvili^, in retom for the reqiect Amm to the Society by those oommaiu- 
cations. The lilce sko Is to lie said with regard to tlie several projects, inventions, 
and cariosities of various Idndi^ which wt often exhilnted to the Society s tht^aathors 
whereof, or tiiose w1m> exhibit tliera, freqaently take the liber^ to report and even to 
certify in the pabHe newspapen, that tiiey have met with the Idghesfappiause and 
approbation. And thoefore it is iioped that no rq;ard will hereafter be paid to each 
reports and pnblio notioeii s which in some instances liave Iwen too fi|^tiy credited, 
to the dishonour of the Society. 



The Meteorological Journal hitherto kept by the Aaristant Secretary at the Apart- 
ments of the Royal Society, by order of the President and Council, and published in 
the Philosophical Transactions, Ins been discontinued. The Government, on the 
recommendation of the Ptcsident and Council, baa cstalilished at the Rojal Obsei^ 
vatoiy at Greenwicb, under the superintendence of the Astronomer Royal, a Afagnet- 
'ical and Meteondoglcal Observatory, where observations are made on an extended 
scale, which are regula^ pnblidied. llies^ which correspond with the grand 
scheme of observations now carr^^ng out in diffi»rent parts of the glob^ supersede 
the necessity of a oonttnnanee of the observations made at the Apartments of the 
Royal Sodety, which could not be rendered so perfiBct as was desirable; on account 
of the impwieetions of tlie keality and the multiplied duties of the observer. 
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ROYAL M£DAL& 



HER MAJESTT QUEEN VIGTORIA, in restorbg the Foundation of 

the iioyal Medals, has been graciously pleased to approve the following 
r^alations for the award of them : 

That the Royal Medals be g-iven for such papers only as bave been presented to 
the Royal Society, and inserted in their Transactions. 

That the triennial Cycle of subjects be the same as that hitherto in operation : viz. 

1. Astronomy ; Physiology, including the Natural History of Organized Beings. 

2. Physics ; Geology or Mineralogy. 

3. Mathematics ; Chemistry. 

That, in case no paper, coining within these stipolations, should be considun d 
descrvine of the Royal Medal, in any dven year, the Council htwe the power of 
awarding such Mi dal to the author of any other paper on either of the several sub- 
jects forming tin (jycle, that may have been presented to the Society and inserted 
in tlieir Transactions ; preference being given to the subjects of the year immediately 
preceding : the award being, in such case, subject to the approbation of Her Miyesty. 

The Council propose to give one i»r t Ik Hoyal Medals in the year 1S46 for the most 
important unpublished paper in Astronomy, communicated to the Royal Society 
for Insertion in their Transactions after the termination of tbe Session in June 1842, 
and prior to the termination of tbe Session in June 184&* 

The Council propose also to give one of the Royal Medals in the year 1845 for the 
most important unpublished paper in Physiology, including the Natural History of 

b 
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Orgsdiied Beingij commimieatcd to the RioyBl Society tar Inieition in their Trane- 
ections after the terminatien of tlie Sceiion in June 184S, and prior to the tennin*- 
tion of die Seaiion in Jane 1B46. 

The Conndl propow to give one of the Rojal Medak in the year 1646 for the 
most important anpublished p^ier in Phynes, oomminiicated to the Royal Socie^ 
for iDBertKNi in tbdr Tteniaetions after the tenninatioo of the Section In June 1848, 
and prior to the termination of the SeNtoo in June 1846. 

TheOooncilproposealso to^veoneof the lU^I Medals in the year 1846 for the 
most important mipnbllshed paper in Geology or Mineralogy, commnnicated to the 
lU^ Sodety for initftioa in tbdr Transactions after the termination of the Session 
in Jwie 1848, and prior to the termination of the Session in Jane 1846. 

TheCk>nnciI propose to give one of the Royal Medals in the year 1847 for the 
most important unpublished paper in Mathematics, commnnicated to the Royal 
Society for insertion in their Transactions after the termination of the Session in 
June 1844, and prior to the termination of the Sesden in June 1847. 

The Council propose also to give one of the Royal Medais in the year 1847 for the 
most important unpublished paper in Chemistry, communicated to the Royal Society 
for insertion in their Transactions after the termination of the Session In Jane 1844, 
and prior to the termination of the Session in June 1847* 

The Council propose to give one of the Royal Medals in the year 1848 for the 
roost important unpublished paper in Astronomy, communicated to the Royal Society 
for insertion in their Transactions after the terniination of the Session in June 1845, 
and prior to the termination of the Session in June 1848. 

The Council propose also to pve one of tlie Royal Medals in the year 1848 for the 
most important unpublished paper io Physiology, including the Natural History of 
Organized Beiugs, communicated to the Royal Society for insertion in their Trans- 
actions utter the termination of the Session in June 1845, and prior to the termina* 
Uon of the Session in June 1848. 
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I. On the Laws of the 'fides on the Coa.sis nf Ireland, as inferred from an eittmive 
serieti of ob.ierrathtit made in cannectinn with the Ordnance Hurvey oj' Ireland, 
£^ G. B. Airy, E»q,t Aatronomer Rotfal. 

Beceired November 30. 1844.— Read December V2, 1&44. 

In the spring of 1842 I was informed by Colonel Colby, R.E., Director of the 
Trigonometrical Sarvey, that in the operations of tlie Survey of Irdand it had beoome 
necessary to adopt a line of reference for the elevations ascertained in the running 

of various lines of K'vt-1 through the country ; atui t)iat It \va» his intention to institute 
a series of observations of the height of the water in ditltTont states of the tido, in 
order to ri ft-r tlie levels to the mean hei'^ht of the sea, or to its height at souie definite 
piiuse of the tide. Colonel Colby stated also that he was desirous that the observa- 
tions should be made subservient to improvements in the theory of the tides, and 
requested niy assistance in sketching a plan of ohservation n^ich would be most likdy 
to contribute to that end. 

In reply, I made the following suggestions : — That g-reat care should I»c (akcu in 
the accurate determination of time at every station, and tliat for this purpose tlic non- 
commissioned officer of the Royal Sappers and Miners who iiad the cure of the 
observations at each station, should be entrusted with a pocket chroooroeler, and that 
an officer should, at least twice during the series of observatkms, visit every rtatioo, 
carrying, for comparison, an itinerant chronometer whose error on Greenwich time 
was accurately known from astronomical observations. That stations should be 
chosen on the eastern as well as on the western coast, in order to determine the 
difference of level, if any, between an open sea and a partially inclosed sea. That on 
the noTth<«asteni coast, stations should be selectied at smaller Intermediate distances 
than at other parts of the coast, with the purpose of removing, if posrible, the doubt 
which appears to exist as to the progress of the semidiurnal tide-wave through the 
North Channel. That, where practicable, several stiitions should be selected on each 
of the large rivers or estuaries, in order to ascertain the nature of the modification 

MDCCCXLV. B 
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wluch the tide-wave undergoes in passing up a contracted channel of comparatively 
small dq>th. That the series of observations shonld be so arranged, that, at every 

station, one complete tide (from high water to high water, or from low water to lou- 
water) shonld be completely observed on evciy day, its observations being niado at 
small equidistant intervals. That supplementary observations, applying only to the 
neighbuurljuud of the low wuler or high water omitted in the obbeivutiunii of the 
coroptete Ude, sboold also be made, for the development of the principal foets of 
ifinmal tide. Finally, that the zeros (rf* the tide-gangce shonld tie connected with the 
principal lines of level, so that every observation should be referred to the same 
hydrostatic level. 

These suggestions were adopteil ia their utmost extent by Colonel Colby. The 
collection of observations was placed in my hands in the winter of 1842. The whole 
number of observations exceeds two hnndred thousand ; the circumstances of plaee, 
simultaiMity, extent of plan, and nniformi^of plan, appear to give them extraordinary 
value; and extent of time nione appears wanting to render them ttie most important 
series of tide-observations that has ever been made. 

Having under my immediate direction a large number of computers, employed at 
the Royal Observatory under the authority <tf the Lords Commisrioners of the 
Treasury for the reduction of the Greenwich Lunar Observations, I requested the 
sanction of their Lordships for the employment of a part of this force on the reduc- 
tion of these tide observations. With this request their Loidships were pleased to 
t omply ; and the investigations and results which I have now tlie honour to lay before 
the Royal Society are the fruit of this libeitiUty. 

TbefollowingiB theord»in which I propose to arrange the parts of this memoir : — 

SecUon L— Aoooant of the stations, leveltings, times, and methods of observation. 

Section 11^ — Methods of extracting from the observations the times of high and 
low water ; of supplying deficimt times and heights ; and of correcting the times first 
determined. 

Section lil. — Theory of diurnal tide as related to observations only ; and de<.iuc- 
tlun of the principal resulla for diurnal tide given immediatdy by these observations. 
Section IV.— Tlieory of diurnal tide as referred to the actions of the sun and moon. 

Section V. — Discussion of the height of apparent meiin water, as deduced from the 
heights of h'vj:h and low water only, corrected for diurnal tide; with r*eference to 
difference ot station, and to variations of the phase of the moon, and of the declina- 
tion of the moon. 

Section VL— Discussion' of the range of the tide, and of semimenstmal inequality 
in height, apparent proportion of solar and lunar effects as shown by hdgfats^ and 

age of tide as shown by heights-, from high water and from low water. 

Section VIL — Establishment of each port, and progress of semidiurnal tide raund 
the island. 

Section VIII^ — Semiipij^stnial inequality in time ; proportion <^ solar and lunar 
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eflectfi as shown by times, and uppateat age uf tide as shown by tiroes ; from high 
water and from low water. 

Section DC — ^Fomiation of the time of diarnal high water s progreas of the diomal 
tide-wave round the island ; comparisofi of ita profrcaa and range with thoae of the 

aemidiurnal tide. 

Section X. — Method of expressing the height of the water, throughout every indi- 
▼tdnal tide, by sines and cosines of arcs ; and expressions in this form for every tide 
in the whole series of oheervations, except those at Courtown. 

Section XI. — Discussion of the height of mean water deduced from the analysis of 
individual tides ; with reference to differcnee uf station,and to variatioaa of the phMC 
of the moon, and of the declination of the moon. 

Section Xil. — ^Discussion of range of tide, or coefficient of tirat arc in the analysis 
«i Indindual tides i and of semlmenitrnal ineqvality in range, apparent proportion of 
solar and lunar elibets, and age of tide as deduced from range. 

Section XIII. — Est^iblishmcnt of each port, as deduced front the time of . mnximnm 
of the firet periodical term in the analysis of in(!ividnrt1 tirleH. 

Section XIV. — Semimenstraal inequality in time, prupoi tion of solar and lunar 
effects from times, and apparent age of tide as shown by times ; deduced from the 
time of maximnm of the first periodical term. 

Section XV.— Comparison of the resolti as to mean height, range, aemtmenstruat 
ineqnality in height, age of tide obtained from height, establishment, seniimenstrual 
inequality in time, and age of tide obtained from time, deduced from high and low 
waters only, in Sections V., VI., VII., Vlil., with those deduced from the analysis of 
individual tides in Sections XL, XII., XIII., XIV. 

Section XVL-^Hemarke on the encceeduig terms of the expreanona for IndlTldual 
tides, as rdaled to the magnitude of the tide, to the position on the sen-ooaat, to the 
podltion on tlie river, &c. ; comparison with the lernM given bj the theory of waves; 
disru'iKinn of the quarto-diurn.il tide. 

Section XV^II. — Separate diiicussion of the tidal observations at Coartown. 

Section XVIII. — Examination into the question of tertio-dinmal tide. 

Section l.^Account of the Stations, Levelimgs, Timet, and Met/uuLt lif Ohswotum* 

The following are the station?; of observation : — 

1. Kiibaha. — A smail buy in tiie Shannon, on its north side, very near to the Loop 
Head ; Intitode 52" 34', longitude If 6Sf west of Greenwich. The gauge was a gra- 
duated post erected in the sea at a short distance from the pier; It was Icept upright 

1^ large stones at its base, and by guys with large stones laahed to them. 

2. Kiirusli. — A small town on the north bank of the Shanrjon, nbout sixteen miles 
above Kiibaha ; latitiuie 52° SS", longitude 9P 29f, The gauge was a graduated scale 
nuled to the Revenue Pier. 

bS 
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3. F<^e8 Idandw— An Island in the Shannon, about fifteen miles aboTO Kllrudi s 
latitude 63* S7'i longitnde 9^ 9f. The gange was a pole in the narrow channel on the 

south side of the island. 

•1. Limerick. — The tide-gauge was on the face of Mead's Quay, the lowest {on the 
coulee of the river) of the quays at Limerick ; latitude S'i*' 38', longitude 8° 39'. 

5. Casleb Bay. — small bay in the north side of Galway Bay, near its entrance ; 
latitude iHf 14', longitude 9^ 84^ The tide<gaoge was a pole in the water near the 
Coust-Guard Station. 

6. Galway. — The tide-gauge was nailed to the pier, at tbe entrance to the New 
Dock ; latitude 53° 17', longittjde 9"^ 2'. 

7. Old Head. — A station on the south side of Clew Bay ; latitude 53° 47', longi- 
tude 0^ 47'. The gauge was at first nailed to a sniaU quay ; it was afterwards fixed 
in the water. 

8. Nrullagliinote.— A Station on the south side of Donegal Bay; latitude 54° 27', 
longitude 8° 26'. The gauge was nailed to tbe south pier of a small port called 
Classybaun Harbour. 

9. fiuncrana. — A station on the east side of Lough Swilly, about ten miles from its 
mouth s ladtnde 8', longitude f ^f- The gauge was fixed hi the water, opposite 
to a fortress called Ned*8 Point Battery. 

10. Port Rush.— A small hachour near the entrance of Lough Poylc} latitude 
J»5° 1 1', longitude 6° 40'. Tbe gauge was nailed to the northern pier. 

11. Carrowkeel.- A station on the western side of Lough Foyle, about twelve 
miles from it« mouth ; iutitade 55° 7', longitude 7^ 11'. The gauge was nailed to a 
large post permanently fixed in the water. 

15. Ballycastle.— A small port opposite Ratblin Island ; latitnde 56* IS', longitude 
6° 14'. The gauge was a pole in the water. 

13. Glenarni. — A small port between Hallyenstle and Belfast; latitude 64° 66', 
longitude h° .'Vfi'. 'i'he gauge was nailed to the pier. 

14. Uunagliadef. — Latitude 54"^ 39^ longitude 5° 32' ; near the south Hide of the 
entrance to Bdfhst Lough. Tbe gauge was nailed to tbe pier. 

16. Ardgtass.— -A small harbour opposite to tbe Isle of Man; latitude 64^ 15', 
longitude 5° 35'. The gauge was nailed to the pier. 

Hi. Cioghei- Head.— A hriidland a few miles north of Drogheda ; hititude 't'.\° 48'. 
longitude 6'^ 14'. The obscrvutiuiis were made at a small hutbuur called Port Oriel, 
on the north side of the Head, but very near to it. The gauge was nailed to tbe 
pier. 

17. King»itown. — The harbour on the M>ttth side of Dublin Bay ; latitnde 53" 18*, 
longitude G° 9'. The gauge was nailed to the wharf, on tbe landward side of the 

harbour. 

18. Courtown. — A small hui h<iur ; latitude 52° 38', longitude 6° 14'. The gauge was 
nailed to the wall of a canal which forms the opening from a small river into the sea. 
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19. Doiuuore East. — A smuU port on the west side of the entrance of Watet furd 
Harboar (the confluence of the rivert Barrow and Snir) ; latitude MF 9', longitude 
0" 5fl^. The gaufe was nailed to tlw pier. 

20. New Roas.— A town on the river Barrow; latitude 59f 24', longitude 4^ 

The gauge was nailed to tlii; bridge. 

21. Passage West. — Thi.s is tlx* western side of the narrow channel by which the 
waters of tlie river Lee, ut Cork, pnncipully enter into the broad harbour of Cork, 
Its latitude is 51* 58', longitude 8" 31'. The tide-gaoge waa nailed to the foce of the 
•team-boat wharf. 

22. TuHtle Townsend. — A small harbour at ymj nearly the southernmost point of 
Ireland ; latitude 51° :W, Innfjitudc 9" 20'. The gauge was a pole In the sea. 

Of these stations it may be remarked that Kilbaba, Kilrush, Foynes Island, and 
limerick, are four stations in succession on the same river ; that Dunmore East and 
New Ross are on the same river ; and that JPort Rush and Carrowkeel are nearly in 
the same circumstances : Casleh Bay and Galway are in a relation neariy resembling 
this. Kilbahn, Casleh Bay, Old Head, MuHaghraore, Port Rush, Ballycastle, Glen- 
arm, Doniighadcc, Ardglass, Clo^iher Head, Kingstown, Courtown, Dunmore Eiist, 
and Castle Towuseiid, are ail on the open sea} Kilrush, Gialway, liuacrana, Carrow- 
kcd, and Passage West, are somewhat removed from it. 

The aero of the tide^uge at eaeh place was referred as early as possible in the 
oourse of the observations to a perniaiient nmrk (usually a copper bolt driven into 
the face of a rock), and fticse marks were all connectcfl by a system of levelling*:, 
and thu.s the zei os of tlie tide-truuges were all referred to the same mark, namely, a 
copper bull fixed in the upper surface of the heelstone or hinge stone of the gate of 
Buckingham Lock, Dublin. To give the means of recovering this important zero, 
in the event of its loss, the following references were made to several public buildings 
iu or near BubKn :— > 





r«lti«i «f tte inaA «m tha MUla^ 


the mark itiovr 
the bolt at 
Rurkingliaui 
Lock. 


Four C<Mirt« 

(ii nr-nil I'.ist-Office . 
r»;iiik of I ri'ludd ... 
Cn^tfim I liiiKf . , . , 
Carlisle Briilge .... 

Qwen'a Bridga .... 

Trinity College .... 
Poolbeg LifktHouw 


Copper liiilt (Irivsii h>>h24inUil)y into the Mone'work of the baUleiiwnt, 
.'i'<jon fr. t lu l<nv (ii.; top of ths l»tlleiiieii^ •«! S^4SllMt abara the 


f.cl. 

+ 

+ :t-l4.'-. 
+ 6M 13 

+ 8-05 
+4*026 


Copi>er bolt driven horizontally into the sUitic-work ■>(' the bettlptnenl, 
V450 ffpt brluw the top of the battleniciil, and 1-5S0 foot above the 


An arrow cut on the '^tone- work at tlie priiicip«l entrance in College Green, 

A mirk on the nrfuM of the bawiewMUQi mdet the imith triiKlew (ib« 
tMnrh tower ttrni (he bolt •» Beekinghaa Lxwk) 
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It will be seen, in tbe sequel, that remiti are obliged relating to the relative 
levele of tbe sarface of the lea at diftrent places, vbieb if established mast be deemed 
highly important. In order» therefore, to show whut confidemoe is due to tlio reanlts 
of relative level, I tliink it necessary to give, for every instance in wliieli the iru'ans 
of doint; NO exist, tlie atuoiint of discrepam-y between tlie rc^tilts for the ditic'rence of 
levet between the same stations when ttie space between them was traversed by dif- 
ferent liaes. 
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On tliese re.'<iiUs, the following remarks are made by Colonel Colbv. 

The discordance in No. 10 i8 uniiiialiy great; but as it appears from an examina- 
tioa ct the levelling that tbe error in discordance is of gradaal aecnmiilation and 
does not arise from any one mistake, the mean of the t«ro resnlts is adopted for Fort 
Ruab, and a part of the difference between this mean and tbe result on either line;, 
proportional to the distance of any point on that line from Belfisuit, is adopted as a 
correction for the apparent elevation of such point. 

In No. 13, second line, the comparison of forward and backward levelling is 
omitted, the principol part (namely that from Dnblin to Port Rash) bdng contained 
in Noe. 10 and 19. Tbe mean of the t wo results for Londonderry vas adopted ; upon 
this depend the zeros of Carrowkeel and Buncrana. 

The station at Limerick bcintT important, its relation of fn i^^ht tfi that at Dnhlin 
was ascertained by four difiercat lines. The folluwiag iuble cuataiuit the results of 
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these leTellings. The lint resnlt, or that by the shortest line, was adopted in the 
redaction of the tkle-observations. 

Depression of the Bench-mark at Mead*s Qnay, Llmeridc, beJov the bolt at Buck- 
ingham Lock, Dublin. 



Um ilGQf vlick iIm Icvdi WW© cwjML 


Approxi- 
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ward and 
back. 


From Dublin by ^^ona<>tl■r(•vat) and norris-in-f)s'<<iry ; tin- (liffi rcticf 
of level from liorris-in-Ossory to Liluerick. buiiig tlic niiai] ol 

From Dublin by Cork, Mallow, and 1 ralee ; the diffsTciK c of level 
from Dublin to Cork being the mean of thor'e luuitd by MutiaN 
torevan. Horrit-iii-Os^ory, Catiir and Mallow, and by New l((j*s 


317 
SIS 

ess 


feet, 

003* 

0-249 i 
0099 1 


feet. 

0-744 

-0-360 
0*889 
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-0-OM 
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I'Voin Dublin by Oorvy, Neir Huso, Waterfurdi Malknr and Tralee: 
the difference of level from Waterfind to tUBom bdtlf the meui 

Fi«B Dvblin bf BBttiiiHloe, Oiumank LiMMior md Kilni^ .... 


la order to give tbe iiieana of verifying the principal results of the tide-observutions 



at any future Ume» I subjoin a statement of the positions of tlw twneh-marks at the 
different tide stations, and of their diflference in elevation from the bolt at Budting*- 
bam Lock, Doblin. 
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Kilruith . . . > . 
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Limerick 
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Old Head .. 
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Buncrana . . 
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Passage West. . 

CastleTownsend 
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'op of eopper bolt dUvm vertically into the aoVd rock 

Copper bolt driven horizontally into one of the facing-atones at Rossell's Quay 
. iTop of copper bolt driven vertically into the solid rock, close to tbe Coast-Guard 

Watch House 

. |Copp«T bolt driven horizontally into one of thn facing-stones at ilie entrance to 

tlic New Dock 

. jCopper bolt driven vertically into one of the f.icing- stones (jf the quay 

. ICopper bolt driven vertically into one of the fa< iiij:-stoae> of the south pier. . 

. Copper bolt drivetj hori/.ontally into the scarpwall of Neds Point Battery . . 
. Cojiper bolt driven vertieally into one of the lacil>f4tOBei Of the tlMJt > t « . . 

Copper bolt in the vrall of the i'oiice barrack 

Copper bdt driven vertically into one of the stones of tbe qu^.. . . 

Copper bolt driven into the solid rock an which the pier is built 

Copper bolt driven vertically into one of the facing-stones of the quay 

Co]ipcr holt driven vertically into one of the facing-stones of the pier, near the steps 

Murk on one of the facing-atones of the pier 
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Mark in one of tbe facing-stonea of tbe quay 

Top of copper bolt driven vertically into one of the coping-atooes at the edge of 

the pier .... 

Topof ir>!ri bolt driven vertically into the rock in which the Coast-Gmir l i^;riLil- 

:--!irf I. ru-. li _ _ ^ _ . . 
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The results for height In the substqupnt sections of this paper ai'<e all referred toa 
point thirty feet below the holt at Hiickinghiuii Lock, Diif»lin. 

At each of the stations the course of obs^t rvation was a* follows: — ^Tbe observer 
adopted, as the tide vfaicb was to be completely observed, either the interval from 
high water to high water, or thai from low water to low water, according to the con- 
venience of the hours. Thus, having begun, for ioattince, with coinioencing a tide 
at tlie iiioi iiinf; higli water, wlien the high water ornirred at convenient hours both 
in the tiioniing and the evin'mg ; as tlie tides in the sueces«iion of days fell later and 
latei every day, the teiiainuiiun of the tide ui last fell inconveniently lute in the 
evening, and the observer then began hi* obRervations about six hoars earlier in the 
iDorning, so as to commence with low water and to terminate with low water. After a 
time it became necessary, in consequence of the evening low water occnrring incon* 
veniently late, to roinniencc again with high water ; and thus them Was in every few 
days a change in the arrangement of observations. 

The observations were generally coniuienced about half an iiour before the coin- 
mencing high water or low water, and were generally continned about half an 
hour after the terminating high water or low water. Thus, of the four |irindpal 
phases which occvr in each day (two high waters and two low waters), three were 
eflectually ohsei'ved in the day series of observation!?. As there were at each station 
at least two observers, one of these pei-sons made observations for an hour or more 
in the night, partly before and partly after the rentaining high water or low water; 
and thus all the high waters and low waters were observed. Tliis system had the 
advantage of giving all the phenomena of dinmal tide, and giving one Semidiurnal 
tide completely observed in each day, with little distress to the observer. Its only 
disad\'antage that the observations at different stations do not always apply to the 
same portions ut corresponding tides ; but there appears to he no method of secnnng 
this precise correspondence of observations except by incessant observations day and 
night, or by sdf-registering tide-ganges. Each observer registered the hdgbt of the 
water on his tide-pole at every five minnte* by his walcb. 

The watches were for the most part chronometers or lever watches. An officer 
visited each station at least three tiniesi, and the greater nnniher of the stations fonr 
times, carrying a good pocket chronometer whose error on Greenwich time was 
known. Two itinerant obronometers wwe thus employed. The error of each of 
the observers' watches was afterwards computed for every day of observation from 
these comparisons, and this error was applied to form the corrected Greenwich time 
of eveiy observation, in a column purposely h it in the sheets of observations. 

At two stations only, Ballycastle and Glenann, the means for registering the lime 
provL*d imperfect. At the former, in consequence of the tailnre of tlie watch, the 
time was taken from the town-clock, and corrected for the longitude of the place ; 
it is supposed that this time may be sometimes ten minntes in error. I much regret 
that the extraordinaiy phenomena of the tides at Ballycastle are thus developed with 
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less certainty lliaa couiU be desired ; at the same time I have no hubitatiua in ex- 
pcening my belief, that the eredit of the results bereafler to be given is not sensibly 
Injured by this cirenmstance, At Glenarm, fronoi a rimilar canse« it became neces> 
saiy to refer to the poat*office clocic; bat the obsenations do not appear to liave 

aoifered materially. 

The observations began about June 22, and were discontinued about August 22. 

Section IL — Methods of extracting from the obtervotimu ike times of high mdbm 
water , of suppling d^aoU Hmea and heights; and eorredmg the tmetJSrtt 

dettnnined. 

The determination of the lieight of the water, at high or low water, from the 
observations, was a matter uf no diHiculty. in two or three instances of low water, 
when tiie water bad dropped below the lero of the tide-gauge, the observations were 
inoompleto till it again rose to the sero} in these, the observatioos were supplied by 
eomparison with other low waters which had been completely observed. 

The determination of the titne was far more difficult. The examination of these 
observations has made me very distrustful of the results which have been deduce<l 
from observations of time only. The difficulty of fixing on the precise time of high 
or low water will appear from this statementj that sometimes twenty or twenty-four 
successive observations (occupying 1^ 40", or 8^) we registered with the same decimal 
of a foot for the height. The most perplexing' case is that where the change of height, 
in respect to ctiatige of time, follows or may follow dttferent laws before and after 
the principal phase. Thus at Limerick, af^er low water, the water sometimes rises 
as much in ten niontesas it bad pi«viously dropped in two hours ; it therefore appears 
right here. If several snocMnvn observations about low water are registered at the 
same decimal of a foot, to suppose that the real low water is little before the last of 
those observations. At some other stations this circumstance does not happen uni- 
formly : and then, when it docs happen, it becomes diilicult to say whether there is 
a dilicrcnce of law before and after ibe low water (in which case the real low water 
ought to be taken nearer to the last observation), or whether the surfiice of the water 
at the last observations on the same dividon lias been depres!<ed by accident (in which 
case the real low water ought to be taken nearer to the first observations). 1 will 
not imdertakc to say that, in markini,'- off the times of high and low water. I have 
followed a uniform raetliod in the.se dilficulties; but I have certainly followed a uni- 
form plan for each stMion : and this is aU that importanL 

Occasionally, though rarely, observations high and low water were interrupted 
by the roughness of the sea and other accidents. It was highly desirable to supply 
tliose. bfcan?!' fas will he ^een in the next section) differences of the heights and of 
the tnnes lo the fourth order u r 1 1 to be taken, and thus the omission of one height 
or time would entail the loss of tive results in these differences of the 4tb order. 
The following is the process by which they ^^ere supplied. It very soon became 

MDCCCXI.T. c 




10 



Mil. AtRY ON THB LAWS Of TBB TIDES 



evident to all who ifispected die eollectod heighti at high and loir waler, that ifr^u- 
laritiea in the heights at any one station were sensibie with no important diflference' 

of magnitude at the od^bourlng s'tations. This will be abundantly sbown in Sec- 
tion Xf. On this afssamption, a comparison of tlie height or time at one station 
with that at each of the neighbouring; stations, for a lew tides near to tliat at which 
the observation was deficient, would give the means of supplying the omitted height 
or time. But it was neoeasary to bear in mind that all the observations were affected 
by diornal tide^ and that the dinmal tide might vary sufficiently from port to port 
to render it unsafe to use comparisons of evening tides for the correction of morn- 
ing tides, &c. The process adopted therefore mms the following:— The results, 
both for times and for heights, were divided into four groups. One comprehended 
the high waters which next followed the moon's transit ; these were called High 
Waters of the First Division. Another comprehended the h>w waters which next 
followed those high waters; these were called Low Waters of the First Division. 
The remaining high waters and low waters were called resj)ectivfly High Waters and 
Low Watere of the Second Divi<;ion. E<ich of these groups was treated separately. 
When a height or time of high or low water at any station was to be supplied, the 
observed height, &c. at tlmt station was compared with the mean of the observed 
heights, &e. for at least two nelghliooring stations, in at least two tides preceding 
and two tides following, in the same group ; and the mean ditferenee thus found was 
applied to the mean of the observed heights, kc. at the stations compared, on that 
day for whicli thi> tide was deficient. I have no doubt that the results thus supplied 
are sensibly as accurate as those which were actually observed. 

On consideration of the difficulty of determining the times of high and low water, 
whieh lias been already explained, it appeared necessary to endeavour to smooth 
down some of their irregularities, without at the same time endangering the conclu- 
sions as aflfeeted by difference of dinrnal tides and of scmidinrnal tides at the different 
(stations. The following is tlie method employed : — Each of tiie groups already men- 
tioned was separated into four subdivisions, determined by the proximity of stations. 
One included Kilbaha, Kilrash, Foynes Iskmd, Limerick, Gasleb Bay, Galway, and 
Old Head. The second included Mullaghmore, Bnncrana, Port Rush, Carrowkcel, 
andBallyrastle. The third contained Glonariii, Don-.ighadec, Ardglass, Clogher Head, 
and Kingstown. The fonrth contained Dun more East, New Ross, Passage West, and 
Castle Townsend. [Courtowu was omitted, because, as will be hereafter seen, no 
times of high or low water could be fixed for it.] Then each subdivision was treated 
separately. For each tide the mean of the times for all the diffisrent stations was 
taken (Bimcrana, Ballycastle, and Glenarni, being excepted; as, from the small 
ranis'e of tide at these places, the determinations were more uncertain than at others). 
Then for every station (including those already named) the difference of the time from 
the mean <tf times was formed. Thus, for any one station, a difference from mean 
was obtained for each day. Let tlicse dilforences for sucocesive days be called 
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D„ Dj, Dj, D«, &c. Then the means of the adjacent namben were taken. 





Then the nnmber — — * was considered to be the jn^t ditTereoce from mean 

for the lecond da}- in the series: it was applied to the mean of time* for that day, 
and gave the adopted time for high ov low water for that day, at the station under 
consideration ; and so for the succeeding days. In regard to flu- h-i^'ititnary of this 
proofs, it is to be observed that it does not suppress the incquaiities uticctiog, in 
dilHmnt di^|;reet at dilR»rent ttaliom, the mnidinrnal or diumid tide, provided the 
period of indi ineqnalitiea Ui of several days. Nor does it suppress any accidental 
inequality which affects the whole tide-wave coming from the Atlantic upon a'lai^ 
extent of coast. The only failure is, that, as 



when the second dtlTereoce of D is large, an error ih introduced. So long as tlie tides 
at the difibrent stations follow anything like simihir laws, there is no fear that this 
error will be perceptible. Hie only place where there is any probability that it ean 
become sensible is Ballycastle s and here It will be very for below the irregularities 
of observation. 

Section III. — Theory of diurnal tide as related to obsereations only ; and deduction of 
the jrhuSfal rtmUtfor ^Smrnal tide given immediatehf by tkeee ehmarv^iem*. 

The ronarks with which I shall immediately proceed apply equally to times and 
to lidgbts, and equally to high waters and to low waters ; but, to avoid anneoeseary 
repetitions, I shall speak only of heights at high water. 

Suppose then that, for any station, the heights at high water, botli of the Firet 
Division and of the Second Division, have been collci fcd and ttiterniinglc<l in the 
order of times. It is evident thai the diurnal tide atauy one of these iieight^: will be 
found approximately by taking half the excess of that height above the mean of the 
two heights immediately preceding and immediately following. The nnmber thus 
found will, however, be in error by one-fourth of the second difference of the semi* 
diurnal tide. This error may be eliminated, leaving only an error di'pending on 
fourth differences, by taking half the algebraical excess of that appm'ent diurnal 
tide above the mean of the diurnal tides next tu ii. 

The process may however be put. In the fDlIowing algebraical form :— Suppose the 
sniecessive lugh wafers to be allhcted with Uieqnalitiw represented by o.cos n— 8.4, 




D|+^ (Snd difihrence) ; 
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a.ootn— a.ooa«— 1.4^ a.tmnt, «.o(w «.0Mfi+2.^, kc., where » inerauei 
by unily for each eueceesiTe high w»ter. If we take tlie 4tb, the 6tb, tbe 19tb, &c. 
diflerenoes of tlieie numbers, we sball bave for tbe diffbrenoes atanding opponte to 
a.com^, 

a.eoBN^XlGein^ 

i 

a.cos »()Xt2&6 siii^^> 

0.008 n#x 4096 mn}*^ * 

Now if tbe inequality occupies many tides ia going through its changes, that is^ if 6 

is amall, tbe powers of sin ^ will be very amaU^ and these differences will therefore 

become smaller and smaller till tb^ are nearly inaensible. There is one value of 

however, for which they do not become ssBaUer, namely, that wbidi makes ain| 

nearly b1, or I nearly =180", or in which the succeidve numbers o.cobh— IJ, 
ff.coBM^, a.cosN+1^, &c. have nearly eqnal mafnitodes with a diange of sign at 
every st^. It is evident that this is tbe case of diurnal tides. Consequently, on 
taking tbe succe»<^ive differences in this manner, tbe dinmal tide will ultimately be 

the only inequality sensible. 

If then we stop at the fourth differences, we may say tliiit the diurnal tide 

fourth difference ._ , ^ ■ ...l j-^r j- w. tighth difference 
: if ire stop at the eighth dinerence, tbe diurnal tide =-= j — ; 

16 CS6nn«|- 

and so on, the expressions becoming more accurate as we advance further in tbe 
order of diflbrences. Remarking, however, that tbe diurnal tide goes throngb all its 
changes in not fewer than 67 high waters, and that i therefore diflfers from IBff by 

little more tlian 6% or diat sin|^ oos 3* neatly s l nearly, we may consider the 

powers of sin ^ as equal to unity i and thus we have 

INunial tide = ^ x 4tb diflbrence, 

or Sg^X 8th difference, 

Tbe first of these formnlss was used tbroogbont, both for heights and for times, and 

at both liigh and low waters. 

Let us now eonsifii-r the relation betwof n rhr (iimn il tide in lieig^lit and that in 
time. Let ^ be au uuj^le increasing uuitunnly with the time, and increasing by 360° 
in a tidal day, ila origin being the time of high water In tbe semMinmal tide. Let a 
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be the diurnal tide at the first high water, b that at the first low water, c the semi- 
range of the eeoiidiamBt tide. And sappose a and ^ to be ao nradi nnaller than e 

that their squares, &c. may be neglected. The height of the water above its nMan 
height, on the law of elevation usually assumed, will he o.cos i'-f-i.sin ^+t'-C082tf. 
This quantity will be maximum or minimum, or there will be high water or low 
water, when — a.sin^+i^.cos^— 2c.8in2^=0. The first approximation to the value 
of i will be obtained by consideriop the large term only: from thia we find 

2c.sin 2<!=0, from which f = 0, or =^ or =t, or nearly. Substituting these values 

successively in the small termSj and supposing them liable to a correcUtm jc in the 
large term, we have, 
For the first high water, Scsin (0+2x)=0 ; or, nearly, 

6— 4ca'=:0; whence j :=^> and 4=sO+x=;^ 

For the fint low water, Se.sin (w+2,r)=0 « or, nearly, 

^o+4atssO ; whence *a»^» and *s=|-f..r=^+^ 

For tbe second high water, 2c. sin (2sr+2.rjss0 ; or, nearly, 

•ft— 4isvsb0s whence «3s^ and lasr+jr^*—^ 

For the second low .water, +«— flc.sin (9r-^2x)^0 ; or, nearly, 

+a+4t.i =0; whence j-=-^"' aud ^=y~^' 

It appears therefore that the diurnal equation in time at the High waters of the 
First Division has tfu- •^ame sign as, and is a certain multiple of, the diurnal equation 
in height at the Low waters of the First Division ; and that the diurnal equation in 
time at tbe Low waters of the First Division has the same relation to the diurnal 
equation in height at the High waters of the First Division ; and similarly for those 
of the Second Division. The fiietor by which the diurnal tide at low water in height 

is converted into diurnal tide at high water in are is ^ s and, observing that w in are 

corresponds to about 34" in time, the fiwtor for converting diurnal tide at low 

water in height into diurnal tide at high water in minutes of time la ^7=~^> Snd 

that by which the diurnal tide at low water in minutes of time is converted into 

diurnal tide at high water in height is The same fiictor applies (w convertiog 

diurnal tide at high water in minutes of time into diurnal tide at low water in height. 
But the high and low waters of the Fir^t Division wu^t be used togetber,and the high 
and low waters of the Second Division must be used together. 
This theory cannot be expected to apply with' accuracy to any place fiur firom the 
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tea (aa Limerick or Neir Ron), wbeve the law of tbe hdgbt of semiillunial tide, aa 
dqwnding^ on the time, diflhra senubly from that of cos 31. 

Upot) investigating the magnitude of the diurnal tides, by the method detailed a 
short time since, it appears that, at most stations, the diurnal tide in height was given 
with gretit regularity ; but that, at the greater miml)er of stations, the ditirnal tide in 
time was not very tx'gular. In order to compare the liiurnal tidcit by nieuiis of the 
theory above, as well as for the purpoie of aacertidiiinf tbdr inagnitndei with Mioe 
accuracy, it was necessary so to combine them that a mean of many detenQioatloM 
could be made available. This was done in the following manner : — 

First, it h to he remarked that in tfiis and all the tnUownng inrestiirfitions the high 
and low M'atei-s of the &nt divihiun only are u^d tlie.se being evidentiy suihcient 
for tbe complete solotion of any problem of dioriial tides. 

Next, it is well known, or may be anticipated from tbe invcfltigations of tbe next 
seeUon, that on examining successively the diurnal tides at high water (ftrst division) 
on suoccssive (lays, they iiirrease, diminish, change sign, and increase and diminish 
witli tlif r!iringed sign, in nearly the same manner as tfx- sine of an arc increasing 
proportlunully to the time ; and that the same remark applies to the diurnal tides at 
low water. 

Thb llrst thing to be done in investigation was tlierefbre to ascertain when tbe 

diurnal tide vanishes. Tbil was done by taking tlie five dinrnal lide<; nearest to the 

estimated place of evanescence and oomhining them by the method of minimtnn 

squares, on the supposition that the diurnal tide ought there to alter by uuifurui steps ; 

itu Hiisuntption sensibly correct. 

Tbe next thing was, to take the mean of all tbe diurnal tides between two vanishing 

• points. Snppodng them to be expressed by tbe kw a,tant, the mean of all these 

■ . Sum of the value* of anal i., ji.l/*.^S« 
values IS ^— » which is approximately expressed hy -aj, 9ina=-» 

and hence tbe coefficient a, or the maximum dinrnal tide, must —\>c tbe mean -of 

the dinrnal tides between two vanishing points. 
The following results have been obtained by these methods :— < 
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Diuriiul Tide in tkight at Iii|^h Water. First Divisiun. 
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High wat«r. 
Low waMr> 


(1-8) 
4'M 




Sl-46 


18-87 
19<8 


PofMtllllBd 1 


High water. 
Low water. 


I-9H 


14*74 

16-98 


30 74 
32-64 


1-2-31 
13-19 




High water. 
Low vmtar. 


(1-9) 




»i-ao 

S»S4 


n*«6 

1M3 




S-84 


13-98 
I7*u 


SMI 


11*33 




High water. 
Low walrr. 


4*84 


1»71 


8»-77 


11-99 
13-04 




High water. 
Low water. 


(4-8) 
M» 




15-62 


31-36 


18-38 
14pB9 


Molht^kimn | 


High water. 
Low water. 


4-6 1 

(7-0) 


17-63 
(eo-0 ) 


32-53 
(3d-0) 


1417 

(160) 




High water. 
Low viutcr. 


5'38 
(7-4) 


17-56 

(20 0) 


33-3« 

(35-0) 


13-74 
15-63 


Rut Rwh \ 


High wuUr. S-09 
Low water. <7'4) 


17-26 
(20*0) 


33-43 

(a»-o) 


13- 47 

14- 98 




Higb water. 
LairinKr. 


4-96 
(7-4) 


(•M) 


S3 26 


18-69 
0*9} 




High water. 
Low water. 


3-80 
(6-4) 


l7-6» 
(19-0) 


32-3? 
(34-0) 


14*31 

(13 9) 




High wntsr. 
Low water. 




I8>11 


swt 


134i« 
13*M 




High water. 
Low watar. 


MC 


iJiW 
17-9* 




IC43 

19'St 




High water. 
Low water. 


»76 
5>&7 


la^ 

Ifrll 


38-88 
S.1-47 


15-10 
13-71 




High water. 
Low water. 


4fM 


17-46 
1843 


38-48 
34*34 


15-05 




High water. 
Low water. 


3'70 
6-10 


17- 6« 

18- 41 


32- 28 

33- 23 


15-44 

14-16 


Diininor* East .... i 


Hiph water. 

Low water. 


6-01 

3-5C 


17- 44 

18- 31 


33 40 
32-13 


18-39 


NewRo* , /iHighwaUr. 

1 L/OW water. 


(6-0) 


( 1 7-4 ) 
(18-3) 


33-57 
(38 1) 


18-95 
(15-8) 


Amm* Wart / I^V'' 


(M) 




33-76 
<»l-l> 


18-87 
14*73 


Caatle Towoaeod... . | 


High water. 
Low water. 


(3-4) 
(«> 


(15-7} 
(17H») 


(38-84) 
(«•»> 


(18-15> 
(»*») 



MDCCCUiV. D 



It 



lia. AtAY ON TBK IWkWS Of TH£ T1D£8 



The nnoiben inclosed in brackets an rappKed by oo^jectare, when llie irr^1a>- 

rity of the tides made it difficult to discover with ncrrmcy the times of evanescence. 
A small error in these will produce very Uuie error in the result for maximum coeffi- 
cient. The numbers at Castle Townsend (where the diurnal tide is very small) are 
the nwMM betmen thoae for the adjacimt statioiWt Passage Wcet mmI Kilbaba. Coar- 
town U omitted, as the pecnliarity of the tidei there mede !t imponible to uke divmal 
tides at high water and low water in the same manner as for the other stations. 

The times when the moon's declination vanish^'d are June 28'' H<>, July 12*"14, 
July 26^*18, and August ^'5U. In stating these, however, I must warn the reader 
that these are not the only elements on which the time of evanescence of diurnal tide 
depends, as will appear in the next seetlon. 

Attempts were made to determine, in the same manner, tlie limes of evaneicenee 
of diurnal tide in time. The irrcguhirlties were however so E-ronT rfint in most cases 
it was u(?i !e<^'^ to attempt to assign the day; in the following instances only did the 
results appear at all trustworthy. 



Times of Evanescence of IKamal Tide In Time. 





Lovmlpr. 


4 


d 

Jul} 


d d 
Jul; Sl«9€ |Aug. 14-87 




Low mter. »se 


te'41 


to-77 ifi-sa 






•i*as 


shse 






Low tnrtrr. | 1*S7 


19^1 


»M 


is-ss 




Low water. 1 Ml 


IS'IS 


9Sr4» 


IMS 


Smacfawlce / High water. 


613 


19-07 
14-lS 


99-69 
33*94 


IS'IS 
IS'IS 



It will be remembered that the time of evanescence of diurnal tide in time at low 
water ought to coincide with that for height at high water, and trice versd. The 
comparison of this table with that for height is not very satisfactory. 

The maxiniom values of diumal tide were deduced in all cases by the process es> 
ptaioeiln short time since, adopting for the times of evanescence the days given in 
tlie fliSt tallle (or that from heights), and using the high water evanescence in height 
with the low water diurnal tide in time^ and vice pertd. The foUowiog are the re^ 
suits:—" 
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Maximum Valoes of Diurnal Tide, First Diviiion : dednced from heights. 







1 


Liiw walcr. 
■ - ' 




Jul; I ' U. 


Jul} 11—31. 


Jul) 31— Aug. li- 


July 4—17. 


JuJy 17—32. 


— - ■ 

Aug. 1—13. 






ft. 


ft 


II. 


ft. 


n. 


Kilbaha 


-f- 0 28 




•f a>sa 




T *** 


— V 


KilrtMll 








1 ^ 0-52 




— 0*47 


* \'j iitv isimm, • • • 




— 0-45 


+ 0;t3 






— ^ V^JO 


i^lUli-riL-K. . < * ■ . • 


t 0-30 




+ 0-36 






— U «>•} 


r!a«l^li fWv 


~ " */ 


— 0*41 


+ 0*30 












—0*42 


+ 0*25 


— 0*77 


4- 0-57 


0-35 


yj \\i IK nu . . . « * 


-f 0*46 


— 0*61 


+-0*64 


1 _0*f>(> 




— u 


iVT 11 1 1 B C7n mr\Fn 


■{■ 0*83 


0*HO 


+ 0*RA 


— 0*30 




0-OA 


Itii n^ritiiu 


+ 0-64 


-0-75 


+ oc(; 


-f 0 05 


_ 0'l6 


-f 0 ^5 


Pnrt l{ iitsh 




A*5*f 


+ 0"60 


-i-0*l4 


n>M 

— w <to 


+ U'3.S 




-f 0-44 




+ 0-60 


+ 0*17 


-019 


-i.0-33 




+ 0 30 




+ 0*58 


+ u*Ua 




+ 0*l6 




*fO*74 


-0 06 


4 0-82 


-0*60 


+ 0 48 


-0*5* 


Dooagbade« .... 


+ 0 64 


-0-74 


+ 0-74 


-0*64 


+ 0*41 


-0*71 


Ardgias« 


+ 0-55 


-0-74 


+ 0-69 


-0*60 


+ 0*38 


-0*58 


Cloglier HomI . . 


+ 0*64 


-0-69 


+ 0*60 


-0-65 


+ 0*36 


-0*57 


Klnnt«n 


+ 0-53 


-0*57 


+ 0-64 


— 0-55 


+ 0*36 


-0-52 


DDWMM&rt .. 


•f«-l7 


-044 




i +t-is 




4.0*11 






-MS 








+ 045 


FuMieWat.... 


+-•■#8 


-t-sa 


+ 0-17 


+••13 


-.1*11 


+ 0M16 


Ciade Towmepd. . 




-«'a9 


+ 0^5 


-O-lfi 




—♦48 



Tbesc results are uu the wbuiu satisfactory. There are, however, some general 
differences of magnitude among the different cohimns, nrbich I am not able at pre- 
leot entirely to espMn. I may remarli that the moon waa in perigee oo Jitly 9 and 
Aogost 7$ nnd in apogee on July 96. 



Maxlmnm Coefficient of Dinmal Tide In Tim^ First Division. 





Ltiw water. 








w«t«r. 






July 


i— 14. 


ialj 14—31. 


JuW Sl- 






4—17. 




17—32. 


A«s. 1-l.V 




m 


m 


at 1 




n 




m 


n 




+ 


5-31 


- 2*69 




4*25 




6*22 


+ 


3*70 




Kilruah ........ 


+ 


1*34 


- 1-87 


t 


1-75 




6*92 


+ 


3-70 


—3*18 


FoTiie* Island. . . . 

Limerick 


-+ 


41 0 


- 4*00 


+ 


.■i-ll 




5*63 


+ 


1 70 


-3-84 


+ 


12*23 


— 8*86 


+ 


8-15 




3*91 


+ 


0-69 


-6*63 




+ 


2*51 


- 2-40 


+ 


31 8 


- 


8-73 


+ 




-4^9 




+ 


6-03 


- 6-97 


+ 


308 




b-73 


-f- 


3-64 


-4-9« 


Old Head 


+ 


2-»7 


— 2-96 


+ 


0-66 






+ 


4*13 


+ 0-i.'fi 


Mullagbroore .... 


+ 


3 9.1 


- 7-77 


+ 


10-56 




10-4H 


+ 


206 


-5*09 


Buiicrana 


+ 


1 0'JO 


— 1*51 


+ 


7*90 




0*42 


+ 


0-34 


-1*73 




+ 


21-43 


- 4-85 


+ 


16-77 




1*88 


+ 


7-28 


-3*14 


Carrowkivl 


+ 


17-93 


- 3*35 




14-9-' 




5*60 


+ 


2*71 


-0-6H 


BallyeMtle 


+ 


28-28 


-3100 


+ 


17-i6 




3-42 


+ 


1805 


— l-9fi 






1-76 


— 7*82 


+ 


409 


+ 


066 


+ 


2-68 


-2*20 


Dooachadee .... 


+ 


004 


— 6*58 


+ 


0*57 




5*27 


+ 


1*72 


-4-.S2 


+ 


1-72 


- 4-41 


+ 


2*70 


+ 


0*07 




4*47 


-0-35 


ClogherHead .. 


+ 


3-80 


- 510 


+ 


1*86 




001 




2*47 


-310 




+- 


4*32 


— 5-46 


+ 


5*G5 , 




4-35 


+ 


0*52 


-3*9« 


DnniiMn Eait . , 


+ 


O'M 


- 2*77 


+ 


3*31 


+ 


9*86 




0*24 


-2 40 






I'TC 


— 0*48 


+ 


3*45 


+ 


frM 




2-05 


-4-99 






«-71 


+ »€8 


+ 




+ 


O'SS 


+ 


0-70 


-0*«1 






&n 


+ «>1S 




i-as 




#•49 


+ 


1>S7 


-»«7 



d3 
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so MB. AIKT ON THS LAWS OP TUB TIDBS 

Afler the atalemoit which I hav« givea (In the leeoiid ieetioo) of the difictflty of 
fixing upon times of high and lov water, it will not be sarprWng that Gonsiderable 

irregularities exi>it among^ these numbci-s. Their agreement nevertheless is sufTicIent 
to show that the (linrnnl tide in time of low water is great at Limerick, and very 
great at all the stations from ISuDcraoa to Ballycastle. At Mallaghmure and Bally- 
caaile it ie alio freat at high water. The inereaie in nninbers at low water from 
Kiiroah to Foynea Idand and limerick, would eeem to ihow timt diunml tide In 
time at low water Incrca^ves considerably in ascending a river. It would apfiear, 
however (as seems, h priori, probable'!, that this holds only when there is at the same 
time a considerable diurnal tide in height, of suc-li a nature that a depression of height 
accompanies a retardation of time. This is supported entirely by the analogy of the 
oonrie of low water aft ordinary semidiurnal tide : when^ ai will appear in this paper, 
and aa is known from other ohaerfations, and as also appewn from theory*, the pro- 
gress of the phase of low water up a river is slower as the water is shallower at low 
water. At New Ross, considered with relation to Uuniiiore Kast, the diurnal tide in 
time of low water is not sensibly increased ; and here there is no large diurnal tide 
in bmgfat The laiga numbere in the ne^bonrhood of Ballycaatle do not depend 
on this cauae. 



Maumum Coedicieut of Diunial Tide in Height, First Division, as inferred from 

Dinmat Tide in Time. 





High w»iec (from limes of low water). 


Liiw nit^r (fnm lima n{ biglt walcr). 


Jal7 1—14. 


July 14—31. 


JulySl- An|.12. 


July 4—17. 


July 17— -W. 


Aug. 1—13. 




Ik. 


ft. 


a. 


ft. 


ft. 


ft. 




-fU 


+ 0'S7 


-••89 


+•<■ 


—••IS 




+••11 


-••14 




-••es 


+0*30 


-••37 


FfljriH bind. ■ ■ • 


+0-41 


-O'M 


+0«6l 


-0-69 


+ 019 


-oao 




+ 1-88 


— 1'16 


+ 1-S5 


-061 


+ 006 


-0-81 




+ 0-24 


-0-16 


+ 0-30 


-0-92 


+ 0-46 


-0-43 


Galway 


+ 0-60 


-0-5) 


+ 0-45 


-0-87 


+ 0 28 


— 0 6» 


Olil H;>«d 


+ OiS 


-019 


+ 0-07 


0'40 


+0-24 


+ 002 


MollaElininre .... 


+ 016 


-0-42 


+ l-Oi 


-0-78 


+ 0-17 


-0-33 




+ 0-97 


-016 


+ 0-75 


[ -0-15 


+0-04 


-023 




+ 0-77 


-0-13 


+ 0-73 


-0-14 


+ 01 4 


-0-13 




+ 0-97 


-0«0 


+ 01*5 


-0-25 


+ 0-11 


-008 


Balljcaatlc 


+ 0-75 


— 0-4« 


+ 0-50 




+ 0-28 


-0-08 




-007 


O-.Tl 


+ 0*25 


+ 0-05 


+ o-i:i 


-0-33 


Dooaghadce .... 


+ 0-06 


— 0-4li 


1-010 


-0-39 


HhOll 


-0-4d 




-i-o-i;7 


-0 40 


+ 0-3.1 


—0-04 


+ 0-37 


-0-M 


Clogher Head . . 


+ 0-45 


-0-45 


+ 0-32 


! -0-03 


-019 


-0-41 


Kiiigatown 


+ 0-44 


0-40 


+ 0-57 


1 —039 


+ 0-46 


-0-38 


Dunniore E«»t . . 


+ 0'04 




+ 0-34 


-♦-0-31 


-0-O2 


-020 




-019 


-0 OG 


+ 0-37 


+0*26 


—0-20 


-0-43 


Pkunge Wm 


+ 0'«6 


+0-17 


+0*09 


4 •'Of 


+•^0 


-•••4 


CMk Towuend.. 




+e'i« 


-0-15 


-•■17 


+♦•» 


-•«« 



These numbers oogbt, upon tliu tUeoieticid expressiions for the titles g>^*-''i 
earlier part of this section, to agree with the munben in the first table in page 19. 

* BmjdU-MetN]^.. TUm mi Wmm, Art. 
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Vpott oCNnfAriiif tbca it appears that thaw ti a very good Bf reement ol the narobcrs 
of the Kttfiral stations, at both high and low waters, as fiar as MuIIaghmoire or even 

Bancrana; and, fur high water only, as fur as Baliycastle. There is then great dis- 
. oordance till we arrive nearly at Kin|r«tnwn ; in a short time after this the diurnal 
tide becomes so small that we are less surprised at apparent discordances. From 
the mmber of the imtaneee in which the agiee men t ii» epoB the whole, pretty good, 
.1. form njr opinion that the diaoordaace between Boneraaa and Kingstown Is not 
accidentaL I have little doubt that in this channel hot^vecn Ireland and Scotland 
(which every accurate fh-termination shows to he n ri itical part for the tidf>:), the 
law of diurnal tide assunies a form difTering much tioru tlial supposed in (tip investi- 
gation. It 18, however, practically almost impossible to ti-uee this law from obser- 
fntiona. 

, The resnlta for dinmal tide ued in the solieeqoent invcstigalione are those in the 
table of poiieB 15 and 16 deduced from oheerved heights only. 

Section IV. — Theory of Diurnal Tide as referred to the actions of the Sun and Moon. 

The present section will contain little more than the account of a series of failures 
of investigatioos. Bnt the examination of these Is osnaUj so instraetlve that I thin& 
it denrable to state the heads of each of the unsuccessfol attempts. 

In order to explain the theoretical difficulties of this investigatlont the following 
remarks may not perhaps be misplaced. 

It is not possible to separate the effects of the sun and moon by comparison of a 
man of observed iKomal tkies near one solstice with a sifflllar mass at the opposite 
•olsdce. For, althoogh (in conteqnenoe of the opposite state of the moon*s deeUna* 
tion at a given phase of the lunation) the lunar Carnal tide is different in sign, yet 
the ml.iv dititTinl ritic is rilso different in sign; and thus the two diurnal tides are 
niingl« (i in {h<- ^Hine (iegree at both solntices. The same applies if the observations 
are at any opposite seasons of the year. 

. It is pomitde to separate the two elihcts by coutparing dinmal tides near a solstice 
with dhimni tides near an eqninmc ; as, in the tetter, the solar diurnal tide vanishes. 

Generally, it is possible toeepaiute them by comparing two masses of diurnal tides 
observed at intervals of three months; as for the high (or low) waters corresponding 
to a given right ascension and declination of the moon in the two masses, the sun 
will have widely different positions in huur-angle, and therefore its eflects at those 
two instants will be widely dilRirent. 

The proportion of the eflbcts of the sun and the moon cannot be ascertahied from 
• single series of observations, extending through a perimi so short that the sun's 
position may be considered invariable. Tfiis will hf shown by showing that the two 
effectH, ot the sun and of the aiuou, in producing diurnul tide at high water, follow 
sensibly the lanie law, and when added tegettier give a compound eflfect following 
same law. Thus : the time of high water hearsa nearly invariable relation tothe 
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timt of moon*! tnuuit s and ihtftSon, at -lngh water, the lunar diurnal tide is always 

in nearly the same phase, and has no variatton except froin the variution of its coeffi- 
cient. The magnitude of the diurnal tide nt scmiditmiaJ high water may tfiereforc 
be represented by coefficient x sin/S ; aud that at semi diurnal low water by coefficient 
X cos /3 } where |3 is constant. This confident ii proportional to the dne of the 
moon's declination at some time previons, or (oesrly) praportional to the lum of the 
mooa*s right oacension for eome time previous, or to the sine of the moon's hour- 
angle from the orm altered by a constant. Fur tlie gnlnr flinrnal tide, the coefficient 
is constant, but tlie phase varies every day. As tiie time of hii^li water beiirs a nearly 
iuvuriuble relation to the time of moon's transit, the phase ol solar diurnal tide at 
lygh water most dejiend upon the moon's bomvansle from tbo son altered by a coo> 
Stant»and tlierefore the magnitude of solar diomsl tide will be proportional to the rino 
of the nioon*s lionr40f]e At»m the son altered by a constant. Thus, putting < — O 
for the excess of the moon's right ascension nliove the son's, the lunar diurnal tide at 
the time of high water will be represented by a.sin/3.sin{ ( — 0 +A}, and the solar 
dtnmal tide at the same time will be represented by i^.sin{ c — o +1$}; and these, 
when added together, g^vo a resnlt ct the same form, c.ain{ « — O+C}. And It is 
impossible to say whether this term, as given by observation, is entirely due to one 
or other of the two actions or to hotii cotnbined ; beeanse \re have no a priori means 
of saying what is the coefficient c or i of either of the scfmrate terms ; or whrit is the 
relation of the time of either high diurnal tide to the time of transit of the body which 
cauMS it, upon which A and B will dqwnd. Everytiiiog here said with Rgsrd to 
semidinmal high water applies dso to semldtomd low water; the onlydilieffeneo 
being that the angles /3 and B mnet be Incressed aboot 90** for semidiurnal loir water. 

The unknown quantities in the problem of diomal tide an> the fdllowin?: — The 
interval anterior to the time of observation for which the moon's place is to be tdken 
as governing the diurnal tide at the time of observation ; the constant coefficient by 
which the sine of moon's deelimtlon for that anterior time is to be multiplied ; the 
moon's hour-angle at the time of lunsr dinmal high-water; and the three similar 
quantities for the sun: in all, six unknown quantities. To determine these we have 
only the four following results of observation (or results equivalent to these four): 
the time of evanescence of diurnal tide at semidiurnal high water ; the maximum of 
dinmal tide in high water, and the Nro rimihir qvanttdes Ibr knr water. These an 
inaolBeient for the determination of the six nnknown quantities; and we most try 
how we can reduce the latter number. 

First, as the sun's declination is considered constant, the anferiop interval for the 
sun's place is unimportant. And in fact, though the sun's {ieclitiation during these 
observations (June 22 to August 25) was not invariable, yet an altei^tioii of one day 
in the time for which its declination waa tskeh as ruling the diurnal tide would not 
have been important. For the moon it would be very important. 

Secondly, it seems probable that the moon's honrwangle at the time of lunar diurnal 
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bigfa water does not diflfer much from the siiii'a hour-angle at the time of solar diurnal 
high mrter. Ibe aMaoiptioa of any constant- dlfll»renoe, dther »0 or hsriqg any 
aislgnod maj^itude, rednoes two of the unknown quantitka to ona. 

The number of unknown qtjantitTes is thus niadr: the samp as the number of data, 
taid the solutitm can therefore (speaking in a strictly algebraical sense) be efl^ted, 
in general. 

The followiiif ii the method by which the e(|oati<»M for the foor nnknown quanti- 
ties may moat conveniently be formed : — 

From the ordinary fiwts of the tides^ it seems probable that the coeflBdent of lunar 
dtarnal tide may dppend on the moon's declination at a few days, perhaps not 
exceeding five, anterior tu the time of the tide. Let be tbe moon's declination at 
one day preceding the time of tide, the moon's declination at three days preceding 
tbe time ei tide Then we may eipreis the coelllcieBl of lanar <Uanial Ude by 
p,tind^-\-q.%\n d^ ; where by varying the proportiom of and f the ooefficient may 
be made to depend on the moon's declination -at ;my day near thi'in : and by \'nryinjr 
the magnitudes of p and </ in the same proportion, the magnitude of the coefficient 
witi be altered in that proportion. 

Hie coefldent of lobr diamal tide may be represented irith snlRcient aoearacy by 
r,iaB Di, where Di is tbe son's deelhiation i«e day preceding tbe time of tide. 

Let h be the solar hour of the tide. This is the same as the hour-angle of the sun 
to the M'p«t of the !T>f»ndia!i Tlir f»ha?e of the solar diurnal tide will depend upon this 
angle di[inni--hcd by some unknown constant s ; and tbe elevation of tbe solar diurnal 
tide* may be represented by S.sinDj.coB A— jr. 

Let # be tbe moon's time of transit. Then the moon*s boar-angle west of the 
meridian is A— f. Therefore if the phase of Inaaf dinmal tide depended on Ifte 
moon's hour-angle in the same manner in which the phase of solar diurnal tide de- 
pended on the Kun's hour-angle, tbe elevation of tbe lunar diurnal tide would be 
represented by (/>. sin </,-{- 7. sin d^)eo9 h — t~s. But we know by the retardation of 
tbe period of spring tides, weil as by the theory of tidal waves affected by friction*, 
that in aemidiomal tides tbe lunar wave to more advanced in its phase with r^ard 
to the moon's honc^angle tlian the solar wave is with regard to tlie san's honr«igle. 
We may conjecture, by analogy, that the same holds for diurnal tide. Putting a for 
this difference of advance of phase, the elevation of the lunar diurnal tide will be 
representt^l by (jn.sin (/(-j-y-sin d )rmh—f — s-l-a. And the compound eifect of lunar 
and solar dimaal tides, expanding the cuaiaes, will be 
S.sin Di.(cos ^.costf-|-sin /i.gin s) 

+(/).sin <f,-f f .sin <ij)(cos A— /-|-a.cos f-i[-8in ^<-|-«.sin«). 

Let Sxos^^w, S.un«=x, ^— jr, i and the expression becomes 
* Xoeydoptadk M«tRifMUt«D«, iVmrnUl Wmu, Art. 8S(. 
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■In D,.c<» Jb»+d« Di.iln jljr+«in rfi- co»X^i+«.irj^ +8in rf^ 

It it to be remarked that, when w, x, y, and z, are ascertained (with an aumned 
value of a), the following more intelligible results will be extracted from them : — 
S=v/i©«4-jr»5B solar coefficient of the sine of the sun's declination, for solar diurnal 

tide. 

*=the anjrte determined by the equation tan*=^; it is the constant angle which 
is to be svit)tracted from the sun's hour-angle west at the time of observation, in order 
to give the angle OH whose cosine depends the lii^igiii <^ tolar diomal tide at the 
instant of obeenralloa. 

Then, the lanar diunial tide 

= (p . sin </, + 5 . sin<4) cos A-/— «+a=S.f,y.siri sin </,).cos A — .v-f a ; 

and, {putting / for the moon's longitude measured from the tiit«i^ction of its orbit 
with the equator, I for the sine of its inclination, and i for the mean daily increase 
of longitude from traniit to trentit 3sl8"38'), y.8inif)+«>sin </j=ICv.8in /,+2.(iin4) 

sal^^i^ sin ^-fein ^+^^sln d— sin =I(s+y.oo8 2^in ^+»~y.«n ^.cos 4) i or, 

if taii>|— —-taut, this quantity becomes aI.»4'jF.eoa).aec«.rin l^-^n ; or, making 

«a:jt^ it twcomes s=la+y.co8 J. sec 9. sin /,^.=z+y.co»).«ee«4ind^4..: and therefor^ 
the lanar dinmal tide sSji+y-cosS-aec 9.ain d,^.,.^t—i~-9'^th. 

M Bfltct of moon for piven declination — ; — v • 
■5"='Efect of sun for same declination =«+y coS 2.sec n. 

M=S.2 -f t/ cos ^sec 97= lunar coefficient of the sine of the moon's dedination on a 
certain anterior day, for lunar diurnal tide. 

3+fiss the time, in lunar days, earlier than the moon's Greenwich transit next 
precc<Kn;, for which the moon's declination Is to be taken as gorerninff the diurnal 
tide. This is eorrect for the time of high water, 61st division, and reqaires an altera- 
tion for otiier tiroes. » is = y^^j^ ; and tanss j^-tan IS* 38'. 

f—Ks the constant angle whwh is to be subtrnoted from the moon'W honr-angle. 
In the same manner as s from the son's boor-angle. 

The factors of the unknown tenn^ w, x, u i/, wz, xy, and m, in the algebraical ex- 
pression for the elevation produced by diurnal tide, were computci for high water 
and low water, first division, at Kilbaha, for every day throughout the observations! 
These computations would apply equally to the other stations, it being understood 
that certain constants (which the reader will easily invesligate} depending on the 
longitude of the station and the time occupied by the passage of semidiurnal tide, 
are to be applied to the angles a, and a. 'Hie hour-angles used for the moon were 
found by comparing the moon's time of transit at Greenwich with the time of KiU 
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boha Ude. The dedinatioiiB vera thon for th« timet of tranrit mt Graenwieli one 
day and tbrae daja pramooa to the'tranttt next preeeding the tide la qaestlon. For 

the low waters of the first division, which follow the high ipaters of the first diviaion 
by ^th of n tuJal dny, f he right ascensions and declinations ought to be taken for tran- 
sit over the G** meridian ; this was done most conveniently by correcting the coelli- 
cients when combined in groups, by the following formulae. If the computed terms 
containing te and « for the moon are Wje-fXur { W and X containing ^ and m), then 
the corrected terms as altered for the change of right aaoendon, are 

(WCOB T-j-Xsin *^)«>+(Xco8|-W8in|)j. 

And if the computed terms containing y and z are Y.»/+Z.s (Y and Z containing to 
and j), then the corrected terms as altered for the change of deciinatioo^are 

No notice was taken of the changes of paranax ; nor were the honr^anglcs referred to 
the moon's place one w three days prefious (as in strictness of theory they ought) ; 
but a-S the observations extend over two whule lunationS, it WSI supposed that the 
effects of these omissions wniilr! nrnrly disappear. 

The factors of the unknown quantities were computed on the supposition that 
MsO, and also on two other suppositioni* It is easily seen, Jtowerer, that the ftctors 
for any assmned value of « can be readily formed from those which bohi for «ssO ; 
and this oompotation is made most conveniently for the groups. 

The numbers for high water were divided into groups related to tlie changes of 
sign of the factors of w and ,r. These groups were then comhiiK i in the order 
]8t4-2nd — 3rd--4th + 5th-|-6th— &c. to form one equation, and m the order 
let— Snd— 3rd+4th+6th— to form another equation. The numbeni for low 
water were treated in the same way. In auhseqnent operations, the groups were 
formed and combined in different orders. 

But, in w hatever way the groups were formed, they were so combined as to form 
four equations, each of which has the following form : 

A.w-\-h,T-\-C.ti\t/-^'D.tPz-\-E.Ti^-^F.Tz=G. 

To solve a system of four such equations is evidently no easy matter. Two me- 
thods of solution were principally relied on. 

The first (and easiest) was, to make trial-substitutions to a great extent. The 
num1>ers — S, —'1, 0, +1, +9, were substituted for ie; the same numbers were 

substituted for x ; the same numbers were also substituted for^ and for z ; and every 

possible combination of these numbers was used ; making 625 trial-^nhsfitntions in 
each of the four equation?. And when there seemed a probability of success, the 
substitutions for one or two of the numbers were greatly extended. Calling the re- 
MDCCCXLT. a 
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■alts of one aubstilution in the four equations g, ^, g"y ^ (the bumbera remiHiiiif 
from the tidal observations being G, C, G^ G^), it vas then neoeasary that 

t—^' 

g ~0 ' g ~ U ' g ~ G * 

By search anKmg the quotients of the substitution, numbers were found approaching 

Of 

as near as possible to &c. ; tben, supposing » nnaltered, the variations of the quo- 
tients were found, wbicb corresponded to changes of 1 in jr, y and * ; fiom t\\vM% by 
solving three linear equations, the corrections to .r, »/ ancl z were fonnd ; and then a 
common multiplier for ic antl .r was found l)y comparing tl»e result of each corrected 
substitution with the tidal numbers (i, G', &c. • ' ' '-. 

The other method was, to pot the eqtiations in the foliowtng form : 

wx (A+C.y+Djs)+xx (B+E.y+Pjf)=G. 

Between two of the equations, w and x were eliminated, and a eompHeated equation 
between y and « remained; another equation of the same charaeter was obtained 
from the other two of the original equations; and these two equations were solved 

by trials. 

By these methods (but [)riiici pally by the former) the equations were solved for 
a=0 aod«=— 2** fur all the stations as far as Mullagbmoi-e. Beyond that station 
it was fonnd totally impracticable to solve tlN»n. Valnes of .r, y, x were some- 
times found wbieh seemed nearly to satisfy the equations, but when an attempt was 

made to cofrcet these values, the corrections became absurdly large, and the cor- 
iTctt'fi values gave results much further from the truth than the on<;inal results. 
And fur those stations at which the operation was successful, there were special rc- 

M 

suits of inadmissible character. Thus, when «=0, -g- was found =4*30 for Kilbaha, 

and sl*45 for Mullaghmore; when <iss~i^, -g- was found s8*40 for Kilbaha -and 

sO'SS for Mullaghmore. These discordances seemed to show that a must be posi* 
tive ; bat in no case could a solution be obtained with a positive value for «. 

On examining carefully the numbers given by observation, I was led to the follow- 
ing considerations, which seomcd likely to throw considerable lijrht on the subject. 

On inspectiiif^ the table in pa|Cfe 17, it will be evident tliat at the first stations, as 
far as Old Head, the disappearance of diurnal tide at high water does not occur on 
the same day as the disappearance of diurnal tide at low water; the former ahvays 
occnrring cailier than the latter. Bat' at the stations from Glenarm to Dunmore 
East, the disappearance of diurnal tide at higii water sometimes preeedes-and some- 
times follows that at low water; and may be saiii, roughly speaking, to occnr on the 
same day. This circumstance fixes absolutely the value of a. For, when the diur- 
nal tide at high water and that at low water vanisti at the same time, the inference is, 
that at that thne the lunar diurnal tide and the solar diurnal tide have equal values 
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with opposite signs foor times in their diurnal period. If then their phases at the 
first of those four times be represented by p and ^ respectively, and their ooeffidents 

hy fA and », we have 

/*8in^+'sin-4'— 0, ju.sin (>+90'')+»sin (x^-i-yO*')=0, 

,(isin(4>-f I80'') + vsin f -i-f- 180'')=0, /w-sin (?i+270'')+»'8m (^^.+270°)=0. 
The solution of these equation?? is either p= — v, ^=\f» ; or /x. = k, © = ^4- ! 80". Con- 
fining our expressions to the former (by which we lose nothing of generality), we 
have this result » that, upon that day, the solar diurnal tide and the lanar dinmal 
tide are in the same phases at every part of the day. Observing then that « n the 
angle which is to be added to the moon's hour-angle west, in order to give it the 
same relation to the phase of lunar diurnal tide which the sun's hour-anf le west has 
to the phase of solar diurnal tide, it will be seen that a must be equal to the excess 
of the moon's right asoensioo over the snn's right aaoenaiou (altered by 12*' if neces- 
sary) on the day on which the diurnal tide vanishes both at high and low water. 

In order to investig-ate tlie value of a with accuracy, the following process was 
tjsed : — If from the table in page 17 wc form the numtx-rs " day of evanescence at low 
water — day of evanescence at high water," at Glenurm, or Donagbadec, &c., it will 
be seen that the four numbers at the same station have values alternately greater and 
less. This is owing, I conoeiv% to poraUax, or some other cause which is periodical 
in one revolution of the moon nearly j and a correction is probably necessary, appli- 
cable with opposite signs to the alternate values. Thus, comparing the second with 
the mean of the first and third, half the diHerenee is one value of the correction; 
eomparing the third with the mean of the second and fourth, half the difference is 
another value of the correction ; and the mean of these may be used. Thus corrected 
values of the " day of evanescence at low water — day of evanescence at high water" 
were obtidned. IDdting the means of the corresponding cortected values for the six 
statiwu from Olenarm to Dunmore East, we have, 

. , , i ^1 1 • ii.ma f and the excess of the moon's ") * " 

About July . 4-41, the mean value is 0-76, | ^„ ^^e sun's R.A. is / ^ 

About July . 17*88, the mean value is 073 8 33 

About Anguet I'QS, the mean value is 0-47 » >. »* 19 68 

About August 14*56, the mean vahie is 0 00 „ 7 13 

From the regularity of the progress of the numbers in tlie second and thii-d columns, 
it appears certain that the value 7^ 13" fur a must be very near the truth. 

From the reasoning above it will appear that, in the case of simnltaneous eva- 
neacenoe of diurnal tide at high water and at low water, we have no means whatever 
of ascertaining the values of p and p on that day. Or, if we take the exprestions on 
pageSil, we have for dinrnal tide at high water, 

a.8inp.sin{ < — © +A) +i,siD{ < — O +B), 
and at low water, 

(i.cos^.sin{ c — 0+A>*f (.ooe{ < ~ 0+B} ; 

«3 
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and, on the •ame day wtien both vanish, 

/3mV8t=: e G'+B and asin{ O'+A} must = — ^: 
by which the expressiun for diurnal tide at high water is changed to 

a.tin{ «'- 0'+B}.8iii{ « - ©+A}-<i.aio{ « 0'+A}3m{ c - ©+B> 
s=«.wn(B— A).sin{ < — ©— c ©'}, 
and that at low water is changed to 

«,COi{ € '-©'+B}.8in{ d — 0-f A)— a.sin{ ( ©'+A}xm{ ( — ©+B} 
Ba.cos(B^A).woi < — O — 4 '— G'}. 
The maximum of the compound diurnal tide at high water will then be ff.8in(B — A), 
and that at low water ff.cos(B— A). Fiotii tlie observed valin-s of tla'sc niaxiinu H'e 
may obtain the values of a and B— A ; but we cannot from tUebc obtain either A or B, 
or «.«in^, or As and thus the aeparatbn of the solar and Innar dinrnal tides is in 
this case impossible. 

As it seemed probable that the siime value of « (7** 13"*), which was inferred from 
these stations, wotild apply to the other stations also, I changed the eq'uitioiifi for 
w, J, y, to the form corresponding,^ to a = 7'' But, on attciupting to solve 

them fur Kiibaiia, Kilrush, &c., I wus entirely batHed. I could not in any instance 
approach to a soiotion. 

As a last resonrce I resorted to the following method. Although the observations 
cainnot be supposed competent to furnish more than four unknown quantities, yet 
they may Im? combined, and with sufficiently favourable coefficients, for tFie determi- 
nation of the six quantities w, t, wy, wz, xy, xz: as the equations will be simple, 
valnes can certainly be found for these quantities ; and then the accnracy of the re- 
sults will be tested by ascertaining whether the following equations hold ; 

^s^* In this manner then equations were formed and solved for the principal 

stations; but at none of them was there any approach towards satisfying the equa- 
tions of condition which I have just given ; nor even upon reducing the results to a 
common phase of the diurnal tide-wave, by means of the intervals of diurnal esta- 
blUbmcnt to be given in iSectioa IX., and taking the mean, was there any approach 
towards satisfying thow equattmii. This is the hut attempt that I madi^ and I con- 
fess myself, on the wholes ooinpletdy unsuccessful. 

The following considei alions may perhaps explain the failui'e of all these attempts. 
We have seen that when the days of evanescence, of diurnal tide in senjidiurnal high 
water, and of diurnal tide in semidiurnal low water, coincide, it is absolutely impos- 
sible to extract from the equations a result relating to the distinction of solar aud 
lunar eflects. It umy therefore be inferred that> when the days of evanescence 
uearfy coincide, the determination of the qtianiities sought will be near^ impassible, 
or will be liable to very great errors. Now, at all the stations the interval between 
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the dayi c^evunaoeiiae for tenildiarMil bigh water and for teaUdianMl loir water ie 
SDiall, and thereftce it appears tfaat in the case of the Iridi tides ia qaestlon, the 

difficulty of separating the solar and lunar effects is inevitable. 

A treatment of the phenomena of diurnal tide which does not lead to a distinction 
of the solai^and lunar effects must be considered as imperfect. And it has been ex- 
piaioetl ttiut, though from a cshurt series of observations the distinction cannot be 
extracted, it can with certainty he obtained from a lonf aeries of obaervatioDe. 
Vfith a fall avowal of the c^kmpleteneas of my own laiinre and with a statement at 
the soine time of wliat science requires and what it may reasonably expect, I may be 
permitted to explain an expression wliich I have used in iny tvnct on T^des and 
Waves, Art. 564, where I have said that a determination by Mr. VV hkwell is worth 
little. My intention was to express that the distinction of the solar and lunar effects 
was theoretfeally important, that it might be (rtvtained from the observations there 
re fe rred to, and that it was not obtidned. In stating that Mr. Whswbi.l*s deterini> 
nation was worth little, my expression was thus fur incorrect, that a general rule for 
the order of diurnal tides, thong-h liable to some inaccuracy, was really obtained by 
Mr. Wbbwsll. I regret that I should have made a statement which could thus 
seem to be insnlBciently founded, and still more that I sboold have expressed It in a 
phrase which ooald be interpreted as lightly esteeming the dedoctions of the writer 
to whom we are indebted more than to any other for the knowledge which we pos- 
regarding the laws of the tides. 



Section V. — Duausion of the Aagsftl of apparent mean water, a* dediuxd from the 

heights of high and loio water onit/, corrected far diurnal tide ; with reference to 
difference of sitUion, and to variations qf tht magtutude <^ the tide and of the moon's 

declination. 

The heights at high and iuw water were corrected for the diurnal tide in height 
fonnd in Section III. The age of the semidiurnal tide as deduced from hdghts 
having been found (by the prooew of the next section) to be about two days, the 
times were taken from tlie Nautical Almanac, at which the moon's hour-angle from 
the sun was S"*, <)'', 15'', •21'', and two days being^ added to these, the times were de- 
tenuined which were to be used as sepiirating the large tides from the small tides. 
The groups of observations thus marked off were the following: — 

d h .1 h 

1st Group, Jnne 28 0 to July G 16, small tide. 

2nd Group, July 6 16 to July \ A large tide. 

8rd Group, July 19 3 to July 20 9, snaall tide. 

4th Group, July 20 9 to July 38 0, large tide. 

5th Group, July 28 9 to August 5 0, small tide. 

6th nroiip, August 5 0 to August 11 16, large tide. 

7th Group, August 11 16 to August 18 15, small tide. 
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For cadi of these groupe the mean of the heights at high water was taken, and the 

mean of the heights at tow water was taken. Then the mean of the deteriuinations 
of each of these clas«rs in the 1st, 3rfl, 5th, and Jtb groups was taken, and thus was 
obtained a mean huight at liigh wntei- uqU a mean height at low water in btuall tides. 
The mean of these two means gave the Apparent Mean Height in small tides (so called 
in order to distinguish it from the Me«a Height which wiU be found in SecUon XI.). 
By a siinihir treatment of the Snd, 4tfa, and 6th groups, the mean height at high 
water, mean height at low water, and Apparent Mean Height, in large tideSi were 

fonnd. The rc^nlts nvf^ a* f»j!!o\VB • — 



SMhM> 


Small TiJn. 




Large TUki. 


M<';iii t>f Appa* 
mil Maan 
HeigbU. 

! 


Excess of Appa* 
rent Meaa 

Hnght ID large 
tide* ahoTc A|>pa- 
mt Mean IlHg^t 

taMtall tide*. 


Wsh «aMr. 


Mrati 


Mean 

ai%kt. 


Mean 
L hf iatit at 


i height it 
■. iMrmiar. 


Mean 




ft. 


ft. 


ft. 1 


ft. 


ft. 


ft. 


ft. 


ft. 


Kilbaha 


19-34 


11-92 


15-63 


21-79 


9-57 


13-68 


15-65 


+ 0-05 


Kilnitli 


^0-50 


12-06 


16-28 


22-96 


9-77 


16-.17 : 


16-32 


+ 009 


Foynes Island. . . . 


21-82 


11-68 


16-75 


24-39 


9-13 


16-76 


16-73 


+ 0-01 




23-22 


9-99 


16-61 


26-38 


7-40 


l6-i><> 


16-75 


■+ oe-s 


Caslch Bay 


21-81 


14-12 


17-97 


24-43 


11-52 


17-98 


17-97 


-f O'dl 


(jnKv;iy 


21-64 


13-42 


17-48 


2434 


i 10-70 


17-52 


17-50 


+ 0-U4 




21-lH 


14-28 


17-73 


23-60 


1204 


1 7-82 


17-77 


+ 0-09 


MiiUaghmorc . . . 


21-22 


14-78 


18-00 


23-42 


12-92 


1817 


18-08 


+ 0-17 


Huiicrana 


20-C8 


13-90 


17-29 


2.'?-«:i 


11-47 


17-35 


1 7-32 


+ 006 




lH-95 


16-23 


17-59 




I.V13 


17-74 


1 r-h"*i 


+ 0-15 


Carrowkcc) .... 


20-00 


15-87 


17-94 


21 66 


14-72 


!!H-I<) 


H-06 


+ 0-25 




18-.19 


16-48 


17-44 


19-17 


Ih-.M 


1 7-i;9 


17-56 


+ 0-25 




20-08 


1511 


17-60 


20-60 


1 j'r,7 


17-64 


17-63 


+ 0-04 


Donagbadee ... 


21-73 


1.1-83 


17-78 


23-1 a 


1 iJ-flf) 


17-84 


17-81 


+ 006 






12-64 


17-59 


24-64 


10-68 


17-66 


17-62 


+ 0-07 


Clogbcr Haad. . . . 




12-30 


17-«« 


23-91 


IU-28 


17-10 


17-09 


+ 0-02 




21*04 


19-69 


17-37 


22*59 


18-06 


17-82 


17-34 


-0-08 


DaonoPt E«M . . 


IS*?* 


11-SS 


15-77 


, 81-67 


10-08 


18-83 . 


15-80 


•I-0-06 




S1*SS 


11-9S 


16-58 


1 sa-si 


i 10-4S 


16-87 1 


16-7S 


+ 0-29 


IWige We«t — 


S0'S7 


wei 


18-87 


«»01 


18*18 


lSH>8 : 


1847 


+ 0-21 


CaitleTowiiMBd.. 


18-90 


IMS 


ia>a6 . 


20-44 


10-87 


1846 i 


1841 


+0-10 



The column which first demands oor attention is the " Mean of Apparent Mean 
Hdghts.** The Apparent Mean Height increases in asecndhig the Shannon from 

itilbaha to Limerick, and in ascending the Barrow from Dunmore East to New Ross. 
There is no didiciilty in perceiving that such an effect must result from the tnixttire 
of a river-euiTcnt witli u tide, when the motion of the water is impeded by friction. 
But tUe Apparent Mean Height increases also from Kilbaha and Castle Townsend in 
going northward along both the eastern and the western coasts. And this occors 
both at lai^ tides and at small tides, with comparatively very little difference of 
amount. This conclusion wWl be fully suppoi-ted by the results deduced by a more 
elaborate process from the whole mass of observations in Section XI. The details 
of levelling in the first section will scarcely permit us to ascribe any large part of 
this seemiijB: ditbrenoe of Apparent Mean Height to error in the instrumental process. 
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I regard this aa a mo&t important result, and I caiuiM^ with confidence ottbv my ex- 
planation of it. 

The last column s{>ems to show that the Apparent Mean Height is greater for large 
ranges of tide than tor small ones, or that in spi inc tides the increase of elevation of 
the high water is greater than the increase of depression of the low water. A similar 
malt lias been found in the Thames. It docs not appear to: admit of explanation 
with oor present theoretical knovledge. But in a period of two months it is impos- 
sible to separate the effects of varying range frain those of varTing declii|Btion of the 
moon and other varying circntnstances. 

For in%'estigation of the effect of tlie moon's declination on tht; apparent mean 
height, tiie following process was used. It is to he remarked that (setting aside the 
diflferenosa of the nioon*s distance) the effect of southern dedimition is the same 
as that of northern declination t and the effect is propoitional nearly to the square 
of declination: and therefore the gionps into which our observations are to be di- 
vided are to be classified by large declinations (of either kind) and by small declina- 
tions ; the separating lime being nearly that at which the mootfs declination 

moon's maximum declination. The times bang thus found, one day was added to 
each, and thus the foUowuig separation of groups was made. 

i h Ah 

1st Group, June 26 3 to July 3 14, small declination. 

2nd Group, July 3 14 to July 10 2, large declination. 

3rd Group, July 10 2 to July IC 8, small declination. 

4th Group, July 16 8 to July 23 1 0, large declination. 

5th Group, July 23 10 to July 30 22, small decliuatioD. 

6th Group, July 80 23 to August 6 12, Urge decliimtion. 

7th Group, August 6 to August 13 15, small declination. 

8th Group, August IS 15 to August i9 16, large declination. 

For each of these groups, the mean of the heights at higli water was taken, and 
the mean of the heights at low water ; and the mean of these gave a mean Apparent 
Mean Height in each group. The mean of the resalts from the 1st, 3rd, 5tb and 7lh 
groups, was nsed for small declinations, and the mean of the results fipom the 2nd, 
4th, 6th and 8th, was used for laige dediimitions. At Ballycastle the first group was 
wanting. Thus the following Table was found. 
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SUUOB. 


Appamit 


—I 
Apparent 
Mcaa 
Heicht 

Jadlaalfawi. 


MntR Hciahi with 
Itrge (ieclination 
iboTc Apparent 

Mean Hdi^t witb 








ft. 


ft. 


ft. 




16-64 


15-66 


+ 0-02 




16'29 


16-35 


+ 0-06 


Fojne* Island . 


16-71 


16-81 


-f 010 


Limnrick. .... 


16-70 


16-79 


-».0-0<) 


Ca>lcli Bay .... 


)7 94 


1»00 


+ 0-(,>€ 






17-53 


+ 007 


Old Head 


17-75 


17-79 


+ 0-04 


Mulla^hraore . . 


1805 


18-13 


+ 0-08 


lUiiicraiia .... 


17-31 


17-38 


+ 0-07 


Furt Rusb 


17-64 


17-70 


+ 0-06 


Carro«k«el.. . . 


17-98 


18-11 


+ 0-13 


BAllfcaaUe .... 


17-51 


17-60 


+ 0-09 


Glenarm 


17-56 


17-69 


+ 0-13 


DoDashadM 
ArdgbM 


17-77 


17*86 




I7*«9 


17-70 


•K It'll 


ClogiMrHead.. 


I70» 


17-18 


+ 0-18 


Kingstovo .... 


17-26 


17-45 


+ 0-19 


Dunmore East . 


15-77 


15-8S 




New Roas .... 


16-72 


16-69 


-0*3 


f'uaiuifre West. . 


15-99 


15-93 


-0-06 


Casttie Townaend 


15-60 


15-59 


-0-01 



In like manner, a series of groups was fonned, determined by the increase or de- 
rrea??e of the moon's declination without regard to its' si<;n •, one day being added to 
each of the times when the moon's declination was u, und when it was maximum 
either fiorth or south. That the following separation of groups was made. 

d h d k 

Ist Group, June 22 11 to June 29 2 1 , declination decreasing. 

2nd Group, Jnne 29 21 to July 7 0, declination increasing. 

3nl Group, July 7 0 to July 13 3, declination decreasing. 

4th Group, July 13 3 to July 19 19, dedinBtioD increasing. 

5th Group, July 19 19 to July 27 4, deeUnation decreasiuf. 

Gth Group, July 27 4 to August 3 0, declination increasing. 

7tli Grtjup, August :$ 9 to .August 0 1 2, declination decreasing. 

8tb Grou|), .Auguht 9 12 tu August 10 0, declination increasing. 

9th Group, August 16 0 to August 23 I ], declination decreaiiiog. 

The mean of results from the Ist, 3rd, 5th, 7tb and 9th groups was used for de- 
creasing declination, and that of results from the 2nd, 4th, 6th and 8th, for increasing 
declination. At the first six stations, and at Ballycastle and nusage West, the first 
group was deficient. Thus the following Table was Ibrmed. 
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as 



atatioa. 

■ 


Appannt 
Heui Hdght 
witb it- 
crraunjj 
decUnuinB. 


Apparent 
Mean Hrigbt 
with in. 

declination. 


Eicew of Apptroat 

iLf AAfa riAnApn4 ^n^ti jJa 

US cm fivigm wllu Oc» 
nriiiing dccliiiAtioii 
ov«r App*retit MetQ 
Height with incrt*- 
iiiiig liifUnirinii 




n. 


It. 


ft. 


Kilbaha, 


■ if V*J 


1 14S4 




Kilninh 




iv s# 


T W I 0 








^ U'USS 


A^IIUClHSK* « • • • • 


]6'84 




J AaOfl 






1 7-Q5 


j_ A.A| 


Galway 


I T-W 


1 7'i7 




Old Head 




1 7-17 




ni ii1lfl<?Knmf¥k 


18*S3 


17-4M 








J / ># 




a^iw% Mian • • « • 


J / OB 


*# •# 




^WvWItMla * • » 








naWanMrta 












17-59 




DonaghadM >> 




17-77 


a J 


17-7« 


17-69 


+ 0'18 


Clogher Head. . 


1717 


17-06 


+ 0-18 


Kiiigxtown .... 


17-41 


17-85 


+0-06 


Dtinmore Eaat . 


15-87 


15-76 


+ 0'1I 


New Row .... 


16-85 


16-61 


+■0-^4 


I'ttsaage West . . 


16-05 


16-89 


+ 0-16 


Ca«tleTowDaend 


1&-65 


15-67 


+ 0-08 



It would seem from this that, if the apparent mean height depends upon the moon's 
declination, it is greatest when the moon's declination has decreased nearly to the 
point where the argument of decliuatioii is 133" or 315° (which makes the declina- 
tion =-^x maximum declination). Thus at the middle of the observations, it is 

greatest about July 22 Now on July 22, the magnitude of the tide, though above 
the mean, was not maximum. From this circumstance, and from the decided supe- 
riority in ma^nitade of the excess found by classifying the tides by the moon's decli- 
nation, over the cxoen fonnd Iqr clasBi^ng (he lldes by the nagnitnde of the tide, 
it appears extremely probable that the excen dow really depend on the moon's de- 
clinatinn In that case, the greatest apparent mean height will occur about four 
days after the day of greatest declioation. 

Section VL-^ZXcctMs/mt of the range of HAi and of semimautrualinequalitt/ in height, 
apparent proportion of .solar and lunar effects as shown by heightt, and age qf tide 
as shown btf heights ,- from high waters and from low waters. 

The numbers from which we shall extract the results of this section are contained 
in the table of page 30. The means of the heights are made subservient to the 
accurete determinatiom of specific heights in the folloving manner. If # is the dif- 
ference of right ascension of the sun and moon, S and M their respective single 
eflbcts, then (neglecting declinations, &c.) the actual height may be represented by 

A+M%^|l+3|COB2#+]pj* If we expand this and integrate from Is. 45* to 

MDCCCXLT. P 
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#=+4&% and divide by |> we ebudo tlie expramon for the mcui of lafye tides. If we 

integrate from ^=45^ to 135'^, and divide by ^ i we obtain the expression for the 

mean of email tides. The difibrenee between thea^ which will be found to be Sj^'gif 

is the same as the difference between the second and fifth oolnmns in the table of p. 30, 
if high water is under consideration, or as the diflbrenee iietween the third and sixth 
colamns, if low water is under consideration, or as the fliffercnce between the 2rul co- 
lumn — 3rd, and 5th column — 6tb, if the range is considered. The second term of the 

4 w 

formula may sometimes be omitted : and then we liave -S&= difference, and S = 

difference, S being tlie solar effect in the elevation or rang'c under consideration. If 
we add this to the mean elevation, which is represented by A+M nearly, we shall 
have A+M+S which is the absolute maximum ; and if we subtract it, we have 
A+M'S, which is the absolote minimom. The same applies to range, with this 
diflhienoe only, that the constant A will be eliminated in snbtracth^ the heights at 
low water from those nt high water. 

In order to obtidn the value of j|* we may remarl^ that the difference of the two 

S 2 S* 

means divided by half the sum is - ' . t.^^ \ and if we call this we easily find 

^=.^3|^l -j- j^^^'^S^ |, in which the last term is small. 

Neither ot tliesc expressions is perfectly correct, becaase they assume that the tidal 
day is always of the same length. 

By means of these formuke, and the numbers on page 30, the following Table is 
formed. 
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IHflhnaii 

height! 
tide! ui( 
tid 

Hijh 


laafaMBB 

in Urge 
in null 

M. 

liOW 


Propor- 
tion of 
uiucrKDcr 
■t high 
water to 
dilfeKDce 
•t low 
water. 


1 

Range Lb 
mcaa of 
km 


meaa oi 
anall 
tide*. 


Difler. 
CQce. 


Mean 
or M. 


Differ- 
ence 

iJiviilfi! 
Ijy niMn 
range. 


Corre- 

ing 
value of 

8 

M' 


1 

AIM04UIC 

maij- 

miun 
nage. 


Absolute 

mum 
range. 


Half 

diflfcF. 
CDce. 

Of S. 




ft. 


ft. 


ft. 


!ft. 


ft. 


ft. 


ft. 






ft. 


ft. 


ft- 




2-45 


2-35 


104 


J 12-22 


7-42 


4-80 


9-82 


0-49 


0-41 


13-8 


H'H 


4-0 




2-46 


2-29 


1-07 


13-19 


8-44 


4-75 


10-82 


0-41 


0-3fi 


H-7 


Cr9 


3-9 


Foyne-S Islan<i . 


9-57 


?S5 


101 


15-26 


10-14 


,V12 


12-70 


0-40 


0-33 


16-9 


b-5 


4-t 


LimL-rick 


^■]^, 




1-22 


18-98 


13-23 


5-7.'"> 


16-11 


0-36 


0-29 


20-8 


n-4 


4-7 


Ca-^leJi Day. . . . 


2-bsi 


2-60 


1-01 


12-91 


7-69 


5-22 


10-30 


0-51 


0-43 


14-7 


5-9 


4-4 




2*80 


2-72 


1-0.1 


13-64 


8-12 


5-62 


10-88 


0-51 


0-43 


15-6 


6-1 


4-7 


Old Head .... 


2-42 


2-24 


1-08 


n-56 


6-90 


4-66 


9-23 


0-50 


0-42 


1.1-1 


5-3 


3-9 


MuIll^fcilHH* . . 


2'20 


1-86 


M8 


10-50 


6-44 


4-06 


8-47 


0-48 


0-40 


11-9 


5-1 


3-4 


Buocrana .... 


2-55 


243 


1-05 


11-76 


6-78 


4-98 


9-27 


0-54 


0-4 b' 


13-6 


5-0 


4-3 


Port Kuah .... 


1-40 


110 


1-27 


6-22 


2-72 


2-30 


3-97 


0-63 


0-56 


6-0 


1-8 


2-2 


CarrowkMl. , . . 


1-66 


M5 


1-44 1 


6-94 


4-13 


2-81 


5-54 


0-51 


0-43 


7-9 


3-1 


2-4 


Ballycaatle.... 


0-78 


0-27 


8-90 


2-96 


1-91 


1-03 


2-44 


0-43 


0-36 


3-3 


1-5 


0-9 




052 


0-44 


M8 1 


.^•93 


4-97 


0-96 


5-45 


0-18 


0-14 


6-2 


4-7 


0-8 


Donagbadee . . 


1-39 


1-27 


MO 1 


10*56 


7-90 


2-66 


9-23 


0-29 


0*23 


11-3 


7-1 


2-1 


Ardgiaat.. .... 


2-10 


1-96 


1-07 


19^6 


9^0 


406 


11-93 


0-34 


0-27 


15-1 


8-7 


3-2 


CU>nba Henl. . 


206 


2-02 


1-99 


19«3 


9*fifi 


4-08 


11-59 


0-36 


0-28 


14-8 


8-4 


3-2 


Kingatown .... 


1-55 


1-64 


O^S 


10'54 


7-35 


3-19 


8-95 


0-36 


0-29 


11-6 


6-4 


2-6 


Dunmore Eaat . 


1«85 


1-74 


l-«6 


11-49 


7-90 


3-59 


9-70 


0-37 


0-30 


12-6 


G-8 


2-9 


New Rom ... 


208 


1-60 


1-39 


12-89 


9-31 


3-68 


11-10 


0-32 


0-26 


14-0 


8-2 


2-9 


1 Pa!wnpp West 


1'04 


i-se 




11-86 


K-40 


.1-46 


10-1 3 


0-34 


0-»7 




7-4 


2-7 


r,.:.;li 1 il-,, 


1 ■ , i i 


1 


1 ] -1 






■ [' 




0- :i 1) 


0 -," r 


1 1 1 ■ :i 




^•4 



The number* in table preieat seveml snbjcets for our oonddemtion. 

First, it is to be remarked tbat tbe dilference between the numbers of the second 

and third columns corresponds to tbe namber in the last column of the table on 
pag^e 30 (it is, in fact, the double of that number) ; but the exhibition of the numbers 
in this form serves, in some instances, to point out their origin mure distinctly. At 
Limerick, for inatanoe, H appcan tbat a large tide produce* 1cm effect on the loir 
water than on the high water; and the reason evidently is, that tbe hdgbt of low 
water there depends more upon the freshwater current of the river Shannon, than 
upon the state of the water in the sea, whereas the height of hig^h water depends 
mainly on the sea. The saiiu" e.>(planation applies at New Ross and at Passage West. 
It does not however apply to Mullaghmore, Port Rubh, Uallycastie, or Glenarm ; nor, 
with perliect certainty, to Carrowked. I most refer to Section X. and some of the 
•nccMding sections, for a statement of tbe laws of tbe individuid tides at these plaen ; 
and shall only remark here, that much remains to be done with the theoretical treat- 
ment of the motion of waves, before tbe tides on tbe north-eastern coast can be fully 
explained. 

Tbe next column which deserves particular attentiOD is tbat for g • From the 

afreement among the numbers at the littoral stations on the western const (Kiibaha, 
Caslch Bay, Galway, Old Head, Mullaghmore), it seems certain that tiie value of 

H > In this part of tbe Atlantic^ is pretty exactly 0*49. At Brest, in a position equally 

F*2 
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exposed to the open tea, LAruei foand m ^0*33. I iniagine that, as regards the 

sun's position in declination, the present series of tides may be supposed to give a 

value for |^ differing very little from the tuean, but lutber too small than too great. 

If 80, here is an undoubted discordance. Yet it is remarkable that the series of 
numbers in this table presents a still greater discordance under circumstances where 
tre should hardly expect it. The littoral station of Castle Townsend is fully open tu 
the Aftlaiitie t and those of Dnnmore East, Kingstoira, and Ckgher Head, are bmm« 
and more mbject to the effects (whatever they may be) of the inokware of the Irish 

B 

Channel. Yet all these stations, inclnding Castle Townsoid, give for n a valoe of 
about one. 

In speculating on tlie causes of these discordances, it is important to observSt that 
the relation of the successive clianges of a progressive tide may be considered in two 
different ways. One of these ways is applicable properly to rivers and similar chan- 
nels ; it consists in assuming that each semidiurnal tide is nearly independent of 
every other seroidiuroai tide, and that the quantities of the second and higher orders 
of the range are sensible*. The other is applicable to open seas, wliere the vertical 
oscillation is insigni6cant in comparison with the depth, and where the alteration of 
the horizontal surface, by the shoaling of the shore, is perfectly unimportant; here 
the principle of the superposition of small movements applies, and the solar and 
lunar tides may be considered as perfectly independent. Thus considered, the dis- 
cordance to which I have aUuded may be stated thus: the lunar tide at Castle 
Townsend is less than that at Kilbaha, in the proportion of 8*18 to9'8'2, but the solar 
tide at Castle Townsend is less than that at Kilbaha, in tlie proportion of 2"4 to 4*0. 
There can be no doiilit that in the lunar tide, the difference between 8"13 and 9*82 
depends (among other circumstances) upon the periodic time of the tide, inasmuch 
as a tide infinitely slow would prodnce the same eflfect at both stations ; and there- 
fore we must not be surprised that the sohir tidei, whose recurrence is more rapid 
than that of the lunar tide, should undergo a larger proportional alteration, like that 
between 2*4 and 4*0. 

In another section I shall show that between Dunmore East and Kingstown, the 
tide is suddenly and completely reversed, high water at one of thet»e stations corre- 
sponding exactly (in time) to low water at the other ; while fifom Dunmore Bast to 
Donaghadesi, there is scarcely any perceptible diflerenoe of phase. It is worthy of 

remark, that daring these changes and coincidences, tlie value of ^ is unaltered. 

The remarkable change in the values of at Port Rush, Ballycastle, and Glcnarm, 
depends also, without doubt, upon the difference of tlie modifications prodooed in the 
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solar and in tite lunar tides, by the narrow channel which, beginning with Ulay (op- 
posite Port Rush), conthnies to the Moll of Gftlloway (oppoiite Donaghadee). But I 
pralesa myself totally unable to explain with greater accuracy why, in passiiig froei 
MuIIagbniore to Ballycastle, the principal reduction of lunar tide takes place between 
Mtillaghniore and Port Rush, while the principal reduction of eolar tide takes place 
between Port Rush and Ballvcfistle. 

g 

The successive (iiiTiiuution in the values of frora Kilbuha to Kilrusli, Foynes 

Island, and Limerick, as well as the reduction from Dunmore East to New Ross, and 
that from fort Rush to Buncrana and Carrowkeel, are to be explained from the other 
coDNdeFaluMi which I have deMsribed as applicable to ri?ere. In tust, in these cases, 
from the very greatly contracted current-way at low water, the elfect of variation in 
the depreesioo of the ocean low water is very small, and therefore the effect of semi- 
menstrual inequality is sensible almost only in the high water, and its whole efibct 
on the range is therefore less than it ought to be. 

Before dismissing this table, I shall remark, that the very great diminution in the 
range of tide in the North Channel, makee it impossible for us to believe that the 
tkk in the Irish Channel is supplied from the North Channel, however much the 
consideration of the tiroes in the next section may lead us, in the first instance, to 
imagine so. 

I will aow proceed with the age of the tide as shown by the heights. The method 
employed was the following: — 

The mean heights having been found from the preoeding tables, the heights for 
everyday (corrected for diurnal tide) were examined, and the time was ascertained 
as nearly as practicable at which the height coincided with tlie mean height. These 
times were then compared with the times at which the moon's hour-angle from the 
sun was 3\ 9^ lb\ and 21 i uaniely, June, 26'^ 6''; July, 4*^ 16", U"* S"", 18"* Q*", 
3«<i tf>i August, 3<i 0>>, 9*' I6\ 16^ High waters and low waters were treated 
separately. At each place eight comparisons were obtained for high water and dgbt 
for low water: exeeptin<7 that in the high waters, no comparison WM made at Old 
Head with July 11'' S*", and IS** 9^ (the times of mean height bein^ very uncertain) ; 
nor at Ballycastle, with July IS** 9* and 26'' 9^ (for the same reason), nor with June 
26'' 6" (the observations iiaviog commenced too late) ; nor at Glenarm, Donaghadee, 
or Kingstown, with July 1 8^ and 30** 9^ (the times being uncertain). The results for 
each place being collected, and the means being taken, the following Table was 
formed t— 
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Age of Tide M inferred from Hdghte. 



Xanuh 

Vajne* Uend. 

Unnick. . . . . 

Cs>leb Bay . . . 
Galway .... 

01(1 Ilrail . . . 
Mullacliinori,' . 
Jluiirraiia . . , 
I'orl llu»h . . . 
Carrowkeel. . . 



t t 

1 ei 
t e 
e « 

2 0 
2 2 
1 15 

1 22 

2 1 
1 17 
1 17 



i 
s 

9 

2 
2 
2 
2 
2 
2 
2 
2 



B«UycMtle 

Glraun 

Donagbadee . . . 

ArdgioM 

Clogher Head. . . 
KingBtown 

Dunniorr I'ast 
New lU»fi . . 
Passage Vwt . . . 



lUgb water. 


Low water. 




d h 


« 9 


9 n 


I 7 


9 6 


1 19 


9 17 


e s 


fl 11 


9 4 


S 4 


1 so 


9 13 


> 1 


14 


2 2 


2 14 


1 

1 21 


i2 7 
2 9 



In the £acyclupsedia MetropolitaDu, Tides and tVaves, Art. 545, i have given 
reasoDi for believing that tiie true age of the tide ii tbat given by tbe beigbte. From 
tlM inspection of tbis table it appears certain tbat the age of the tide on tbe western 
coast of Ireland is almost exactly two days. The diflerent results arc upon the whole 

very consistent. Yef there are some discordances which I cannot entirely <'>:plain. 
The most distinctly marked discordance is this—that the ag^e f(\vm by the Low 
Waters is, in every instance except one, greater than that given by the High Waters. 
I have shown, I tbink» with eertain^, in the Encyclopedia Metropolilaoa, Tides and 
fVaves, Articles 452 and fi44» that the cause of the principal part of the apparent age 
of tide is friction. It appears to mc not unlikely, that, on carrying^ ont the theory of 
friction it) cfimhination with tlie consideration of oscillations hearing a finite propor- 
tion to the dcptl) of tbe sea, the apparent age of the tide might be found greater for 
knr waters tliaa for high waters. But I have not examined tbe tlieory so fiir as to 
feel myself warranted in positively assigning this as the explanation. 

Sectiim VIL — Establuhment of each port, and progress <if semidiurnal Hie rwnd the 

idand. 

Hie process used in tbis investigation is very nearly similar to that by wbicb the 

table in page 30 was formed. The mean interval from the moon's transit at Green- 
wich to the tinif of tide was found (hy tlie operations of tlx- nevt .section) tocoincide 
with the aclniil interval nearly at tlie following- limes: — Poit liush and Ballyca^tle 
(high and low), June, 22'^ 9\ aO'' 20'' ; July, 7'' W\ 14^^ 21'', 21"* 23'', 3(H IG"" ; August, 
6' 4^ 13' 6\ 20' 16^ : Kilhaha, Kilmsh, Casleh Bay, Galway, Mullagbmore, Boucmna, 
Carrowked, Gtenarm, Dona|^iadee, Ardglass, Clogher Head, Kingstown, Castle 
Townscnd, (high and low), 1"'8'' later; Foynes Island, Old Head, Dunmore East, 
Passage West (high and low), Limerick (high only), 'ju'' later than the last; New 
Ross (high and low), 23** later than the last ; Limerick (low only), 22'' later thantiie 
last, or 4' 1^ later than at Port Rush and Ballycastle. The intervals from the moon's 
transit to the time of tide being taken for every tide (the high water, 1st division, 
being referred to the upper trannt, the low water, 1st division, to tbe transit over the 
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neridiui 6^ weit« the hi^li water, Snd divieion, to the lower ttamit, and tlie krar water, 
3nd division, to the transit over tbe meridian 18^ west), groups were formed diTided 
by the times above mentioned, nnr] the mean of tbe intervals was taken Cor each group. 
Tbos the following Table was formed : — 







1 ' 




• 


1 ' 




MtJIA Of 


1 ■* mf 






Mean of 




Mean of 






1 ^nudl 







•mall 


Mean. 


both. 




iDterrali. 


intemli. 




I iatervalf. 


intervals. 








Ii ni 


' h m 


h m 


1 h m 


b m 


h m 


h m 


L" ' 1 1 I, ~ 


5 11 


4 fta 


4 47 


5 6 


4 12 


4 39 


4 43 




22 


4 31 


4 56 


5 20 


4 28 


4 .'»4 


' 4 55 


Foynps iHland. . . . 


6 15 


5 30 


5 32 


6 0 


5 12 


5 


5 44 




6 46 


6 0 


6 23 


7 14 


6 17 


6 45 


6 34 


Canleh Bay 


5 SI 


4 30 


4 55 


5 11 


4 14 


4 42 


4 48 




5 ?8 


4 40 


5 4 


5 11 


4 13 


4 42 


4 53 


Old Head 


& i2 


4 47 


5 4 


i 5 22 


4 45 


5 3 


5 4 


MaUaghmore .... 


a 3 


6 9 


5 36 


5 53 


j 7 


5 30 


6 33 


Boncrana ...... 


6 45 


5 39 


6 12 


6 34 


5 36 


6 5 


6 8 


Port Ru»h 


7 «9 


6 0 


6 45 


I '* 


& «9 


$ 96 


6 40 




8 II 


7 2 


7 36 ; 


8 1 


7 4 


7 W 


7 S4 


BaIlj«Mtla 


e 47 


6 14 


7 tfi i 9*7 


7 » 


7 S5 


7 4t 




11 1 


ie s6 


10 48 


11 7 


10 u 


10 44 


10 44 


DonaghadM .... 


11 ei 


10 4S 


11 1 


11 ea 


10 9B 


11 0 


11 1 




II <i 


10 40 


11 0 


11 05 


10 M 


11 9 


11 1 


CTogher Head. . . . 


11 41 


10 54 


11 17 


11 34 


10 47 


11 10 


11 14 




11 52 


11 a 


11 29 


11 29 


10 41 


11 5 


11 17 


Dunmore Eaat . . 


5 32 


4 47 


5 9 


5 41 


4 &6 


5 18 


5 13 




6 17 


5 36 


5 56 ' 


6 55 


6 9 


6 32 1 


6 14 


rass,igr Wert. . , . 


5 .38 


4 55 


6 l6 


5 52 


5 9 


& 30 !| 5 23 


Caatie Townaead . 


5 16 


4 29 


4 52 


5 19 


4 30 


4 54 1 


4 £3 



On inspecting the intervals for Castle Townsend, Kilbaha, Casleh Bajr, Galway, 
Old Head, and Miillaghmore, it appears evident that the semidiurnal tidp approaches 
tbe western coast of Ireland very nearly from tbe west, or possibly from a direction 
a little eontb of the west On examining the intwvale at Port Rash, Ballyca^tle, 
Glenann, Donaghadee, their regular progreaaion eeemo at first to show tint the tide 
wave enters tlie Irish Sea by way of the North Channel. But the objecUons to this 
supposition are most serious. Theoretically it is certain that (even without regarding- 
the effects of friction) when a fide-wave pa.ssing through a narrow channel enters into 
a wide one its vertical range will be diiaiuished*. But here the mean range in the 
narrow dnuincl at Ballycastie is only 2| feet and at Olenarm 5^ feet : this tide-wave 
therefore could not possibly prodnce a tide of more than one or two ftet in the Irish 
Sea ; whereas, from Ardgiass southward to Kingstown, the range is from ten to twelve 
feet. It seems therefore that this supposition may at once be dismissed ; and the 
only supposition which can be substituted for it is, that the tide-wave enters the Iri.sh 
Sea by St. George's Cbanael. But here a most remarkable circomstance occurs. A 
reference to the table alMve irill show that the high water at iUngstown oceors six 
hours and a few minutes later tlian that at Donmore East, or, in otlier words, that 
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tlie high water aft Kiagatown ooincidea janectwli^irith the low water at Dtmmore Eaat, 
and twee wsrNf. Moreover, between these two stations occurs the station Courtown ; 
and here, as will appear in Seclioti XVII., the semidiurnal tide is nca! !y insensible. 
The difference in the times at Dunraore East and Kingstown docs not therefore arise 
from a slow transmission of tide j bat ariiea from a sodden iimetrim of the wave, the 
point which separates elevation from depresrion heing not fiir froin Conrtown. And 
the question now is, whether, on tiie supposition that the tide^vave enteis tlie Irish 
Sea by this southern entrance, it is pogbiI)Ic to ocplain the esistenoe of this nentral 
point and the inversion of tlie tide beyond it. 

The explanation whicli I have to give rests upon a proposition long known to me 
as a matter of theory, bat f6r which I never expected to find a practical application. 
In the EnqretopiBdia MetropoUtana, 7UI» and XF&iver, Art 807> I have sliown that 
when the tidal wave enters a gulf (considered as a canal of uniform breadth and 
depth, stopped by a transverse i>anier), tbe expression for the elevation of the water at 

the time < at a pdnt whose distance from the sea is «, is ^^^j^sin iif^'B.oos nw^m^ t 

where n is the constant proper to tlie periodic time ot the tide-wave, ^=r,^^x depth, 

and a is the whole length of the canal. This expression shows that the vertiral 
oscillations are simultaneous throughout ; the coeflScient in each place being 

gj^jjoosma— Jiw. Now if the canal is so long and so shallow that ma ia greater 
than |s then, on taking «=a— ^ the coefficient vanishes $ and on taking x greater 

than o-*^ the coefficient changes its sign. This case then agrees, as regards tlie 

simultaneity and the inversion, with the case of observation before ns, and all that is 
necessary for its complete application is, that the virtual liead of the channel be sup- 
posed to be at a distance from Couitovvn equal to that wliich a progrexm'e wave 



able to enter into details upon the depth of the water and the form of the .'supposed 
channel, I express my belief that tliis solution does accurately apply here : and I re- 
gard it as one of the most remarkable cases tliat has ever been noticed in the obser- 
vations of tides. 

Assuming then that the tide of the Irish Sea is explained, we have only ftarlher to 
explain tlie apparent passage of the tide through t!ie North Channel. This is merely 
a case of the proposition in Art. 310 of the Tides and If^aves, relating to a canal join- 
ing two tidal seas, from which it appears that there will always be in such a canal an 
apparent passage of tbe tide>wave in the same direction at every part. To represent 
the cirottfflstancn completely, it 'woold be necessary to introdnce tbe consideration of 
friction. 




Without professing myself 
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' Hie onljr femididikg mult of tbe table in page 30 whidi deserves attenlioii here, is 
the dlffiBrence of Che timee ocouined hy the rise of the water and by the ftll of the 
waiter. In the river stations (Limeiidc and New Ross) thefrll of the water occupies 

a longer titne than the rise. This, as a consequence of theory, is explained in Art. 206 
of the l ilies and H'ures. At most of the other stations, thf riso appears to occupy a 
very little longer time thuii the fall. This, however, as it depends on the estimation of 
the times itf high and low water, is snbject to great doubt : the terms upon whioh such 
dilierenoe depends will be investigated with great accunuqr in Secttoos Xv and XVI. 

Section VIII. — Semimenstmal inequality in time, proportion of solar and lunar ^ec/« 
as skam %r Hmes, and t^ftamt age of Hde as tikown Igr times ; /ircm kigk toattr 

The interval from the moon's transit over the mendiao to high water (and similarly 
from the roocm's transit over the six-hoar meridiaa to low water) Is theoretically ex^ 

^riaSI 

pressed by E+P* where £ is a constant^ and tan2F= — g » being the hour- 

M 

angle of the moon from the sun. The declinations, &c. are supposed here to have thdr 
mean valnes. InvesUgatbag from this the expression for P, integrating from #=0 to 

and dividing by ~> we obtain the value of tbe mean of large intervals ; performing 
the same operation from to we obtain tbe valae of the mean <^ small in- 
tervals. The difference which will be found =i*M (*"*"5(M) )' thediftrenoe be- 
tween the 2nd and 3rd columns or between tbe 5th and 6th columns in page 39, ex- 
prsssed in arc ; or, as ir of arc in the estimation of i and F correspond to a tidal day 
of 1488*, if we put t for the number of minntes in that diffexenoe, the equation is 

From this we obtain 

ft 

and then tbe maximvm value of F in are will be found by making rin9Fs|^« and 

converting f into time by the proportion stated above. Thus the following Tttble 
formed* 



MDCCCXLT. o 



Digitized by Google 



42 



MR. MKT ON THE 1.AWS OP TttB TIDES 





High wilCT. 


Low water. 


MMoof 
valocaof 

3 

H 


Uitferauce of 
mcaucf km 
iotenrils tnd 


V KlUC Ul 

s 


Muimuin 
icmimeoitnial 

*• 


DiffereDcc of 
neaat.of Urge 

interrali and 
imall inUnraU. 


« UUC W 

s 

m" 


Maximom 
wmimeiutnu] 
ii»e<|uali(7 
±- 








Tn 












48 


0-32 


38'5 


54 


0-35 


42 


0-34 




51 


0*34 


41 


52 


0*34 


41 


0*34 


Poynes Island. . . . 


45 


V w 




48 


0'3f 




0-31 




46 


4-31 


37 


62 


••49 


49*3 


••33 




61 


€*M 


41 


67 


0*37 


44*3 


••as 


OM-Efaid 


48 




SB'5 


68 


•'37 


44*3 


••34 


S6 


(MS 




37 




S3-6 


••«4 


MulkghnoM.. .. 


AS 

WW 






46 


0*31 


37 


0-33 




66 




51 


68 


0-37 


44*5 


0-39 






©•57 


71*5 


75 




60 


0-^3 




69 


0-45 


54*5 


57 


0-37 


44-5 


0-41 




143 


0->i2 


L I O 


104 
1 w 




oo 


0-74 




3j 


0-23 


27 


45 


0-30 


3fi 




Donaj^ltadcc .... 


39 


0-25 


30 


47 


0-31 


37 


0-28 




41 


0-27 


32 


47 


0-31 


37 


0-«9 


Clogber Head. . . . 


47 


0-31 


37 


47 


0-31 


37 


0-31 


Kingstown 


4G 


0-31 


37 


48 




38-5 


0-31 


l)uiinior<' East . . 


45 


0-30 


36 


47 


o-;»i 


37 


0-31 


New HoM ...... 


41 


0-27 


32 


4G 


031 


37 




Passage We«t .... 


43 


0-28 


33-5 


43 


0-28 


33-5 


0-^8 


Caatle Towmesd . 


47 1 0-31 


37 


49 


0*33 


39-5 , 


0-3^ 



I have stated in the Encyclopaedia Metropolltana, Tideg tmtt fFmeg^ Art. 688, that 



I consider the values of ^ deduced from the seuiiinenstrual iiiefiualitics in time to be 

real and certain repre&eiitations of the proportions of the sun s efTect to the aiooa's 
effect in the seas in the neighbourhood of each station; those deduced from the 
heights being liable to the eflbcis of many local disturbing^ cruises which do not aflfect 
those deduced from the times. In this vieH" the table above deserves consideration. 
The littoral stations (including those in the Irish Sea) aj;ree in giving a value of 0*32 
or 0'.'^;^ T^early the same as that found at Brest by Laplack and 8ir J. W. Lt^bbock. 
But nt i^ort Hush and fialiycastle (the first stations in the North Channel) the lunar 
tide appears to be diminished in a fiu* greater proportion tlian the solar tide. And 
then, after this alteration of relative magnitude has been established in the open sea 

of the neighbourhood, it Mppeara to be agidn nearly destroyed by itome local cause 

g 

affecting the fadghta, so that in the tftbte of page S5, the value of ^ is restored to its 

average value. As fiir as the otnervaUons can be trusted for accuracy, the tiro con* 

dunons which I have mentioned appear at first sight perfectly certain ; for the great? 

g 

est difibrence of Intervals from moon's transit (on which tlie value of in this page 

depends) is deduced from comparisons of the times of tides of equal vertical range, 
in which therefore the stream of tide in the neighbouring channels of small depth 
and width, &c. was the same, and therefore could not dbtnrb the diflerenoe of times. 
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But tbe vulue iu page 33 is deduced from the comparison of btgli and low tides, in 
which the itreaiii of tides, &e. Hi different. The second apparent alteration can talce 
place only where the tide has arrived at sucb localities that the second order of the 
vertical oscillation prodoces sensibl« teroia. I was at first misled by the plansibility 

of this reasoning. 

Its fallacy, or rather its error, will appear from the following considerations. The 
semimenstmal inequality in time which theoretically is proper for giving the value 

ofyi is that which depeiuis only upon those diftei erices of time which are caused by 

ditTiTcace in the relative positions of the sun and moon, when the magnitudes of the 
tides are exactly the same. But wheu there also exists a ditference of time caused 
by the difference of magnitude of the tide (having its niBximnni neariy at the time 
of cvanesoNkce of the proper semiineBstroal inequality), then these two diflbreoces or 
inequalities are combined, forming a single inequality whose time of evan^ceaoe is 
different from those of both the orig'inal mcqnalities, and whose magnitude is greater 
than the magnitude of either. Thus it appears that the gross semimenstrual ine- 

quality in time must not be used fisr estimation of g|* A correct abdication of these 

prindples, and a consequent harmony of resnlls» will be seen in Section XIY. 

At every station eaccept Mullaghmor^ the value of n in the table above appears 

greater at low water than at high water* This evMently depends upon the difference 
in times (as alGwted by magnitude of tide) for low water and for high water, which 

is combined as above stated with the proper semimenstrual inequality. 

Mr. W hpwpi ! , in his invaluable memoirs on cotidal linefs, stated f!i:it rliere were 
great contradictions in the accounts of the establishment of Baliycastlc. Tlie num- 
bera above serve in some degree to explain this. The semimenstrual inequality alone, 
comparing observations takw when its value was maximum positive with thoee taken 
when its value was maximum negative, would produce nearly four hours of uncer- 
tainty. More than half an hour (see the table in page 19) might be added by the 
diurnal tide. 

I shall now proceed with the age of tide as shown by the times, 'i'he method em- 
ployed was the same as for the heights, in forming the table in page 88. The times 
were ascerbdned at which the interval from moon's transit over the meridian to high 
water (and similarly the interval from moon's transit over the 6-bour meridian to 
low water), corrected for diurnal tide, ag^reed with tlie mean interval for high water 
(or for low M^ater) in page 39. These times were then compared with the times at 
which the moon's hour-angle from the sun was O*", 6*, 12'', JS** ; namely, June, 22"* Q"*, 
30* 20'' } July, 7' 19*, 14* 2l\ 2I*28S 80* le^; August, e-* 4^ IS-* b\ 20* 
The high and low waters were treated separately. At Baliycastlc low water six re- 
sults only were obtained ; for all the other determinations seven or eight results were 
compared. Thus the following Table was formed. 

o 2 
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Age of Tide as inferred from TrmeB, 



SMlioo. 


High w»tcr. 


1,0" water. 




d h 


i\ 


h 


Kilbaha 


1 8 


1 


A 


Kilnish 


1 13 


1 


10 


I'oyiicji Island. . . . 


1 31 


2 


2 




1 25 


4 


1 




1 U 


0 


22 




1 10 


1 


7 


Old Head 


2 10 


2 


9 


Mullaglimorc .... 


1 6 


1 


11 


Buncraoa 


1 4 


1 


3 




0 4 


0 


7 




1 0 


1 


I 



Sutkm. 



Rallycastle 

GWnann 

Don^i^'liatlet 

Ard^loM 

Clogher Head. . . . 

Kiri}^towu 

Dumnore East .. 
New lloM ...... 

Parage \Ve«t. 
Castle Towownd. 



Hkgii water. 


Low wiler. 


d h 


d h 


-0 11 


-0 19 


+ 1 14 


1 9 


1 7 


I 9 


1 8 


1 15 


1 10 


1 12 


0 22 


0 23 


i 1 1 


2 8 


L' 'JO 


3 11 


o o 


1 19 


1 12 


1 6 



In the Tides and IFaves, .Vrt. 463 and 465, I have shown that tlie age of tide in- 
ferred fruiu the times of high water in a river (where spring-tide high waters pass 
more rapidly tlian neap-tide high waters) is too small, and that the age of tide in* 
ferred from tlie times of i«nr water in arifer (where spring-tide low waters pass more 
slowly than neap-tide low watcre) is too ^l eat. These propositions, at least the 
second, are wfli illustrated ai Limerick and New Ross. For the otlicr stations I 
feel myself in some didicuUy. With the exception only of Old Head, Uuninore £a6t, 
and Psasage West, all the ages of tide above are too small, for low water aa well as 
for high water. This reqaires us to asaame that all the phases of the tide-wave (low 
water as well as, high water) are transmitted over the sea more rapidly in the Spring- 
tides than in the neap-tides. I conjecture that some theory of friction may possibly 
explain this, it cannot he e.Kplairied by supposing the second po\rer of the small 
movements sensible; for on that assumption the age of tide given by low water 
would be increased. 

It is worthy of remark that at Ballyoastle the effects depending on the position of 
the sun and moon appear to precede tbdr cause. 

Section IX. — Formation vf the time of diurnal high water; progress of the diurnal 
tide^umie rotmd the ielimdt eemparieoH of its pntgrea and range teiik those the 
tide. 



In page 30 I have given a table of the maadmnm values of dRnmal tide^ at high 

water and at low water. The diurnal tide being supposed to foUow the law of sines, 
its maximum coefficient will be found by taking the sqiiat *' root of the snm of the 
squares of those two values, and the time after semidiuraul high water at which 
diamal high water occurs will be found by taking the angle whose tangent 

vnhie at low ^«-ater ... _ . 

"value "at high water' converting that angle mto tune at the rate of 3<J(r for a 

lunar day. The mayinium diurnal tide for semidiurnal high water and that for semi- 
diurnal low H ater may be conceived to hold for any day near to the day of absolute 
maximum. Thus the following T^ble is formed. 
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StatkHU 


Julf 9. 


Jaly 23. 


Auguti fa. 




wttcr, lint 
rfon, to dhirml 
high witer. 


Cocfident of 


J 11 1« r > Mi i 1 \mi 

seioidiurtial Ui^b 
water« ftnt din- 
tion, to dlumil 
high wat«r. 


4iun& 4MSa 


lotCi . Ai from 
Mllli<lilini4l bigfa 

mMMi fcat divlp 
ilM.t»ttinil 

Unh water. 




it. 


h m 


It. 


D ID 


ft. 


h iji 


Kilbohft 




XU 44 


fl-7I 

U / 1 






on 


Kilrush 






V Oi 


Q n 


U *Ja9 


ZU M 


Foynes IsLuid 








All 


V v/ 


M SI 




1-01 


19 M 


0'69 


9 J» 


0«4 


to M 


('.isluh Baj.. .... 




»■ la 


V\f\J 






M Ml 






In Jo 








Ml SR 


Old Had ...... 


••as 


OA e|S 


11-05 


4 IS 




SI IB 


M nHufemon .... 




Zt) ZO 


0*82 


11 SA 




SI IS 

*a JO 






A 1 A 


n-7R 

w / w 


IS 1 ' 


11.711 


1 9lt 
1 ZQ 


Port Ruh .... . . 


••S3 


1 5 


0'63 


14 S 1 




S 4 


Citrrowlted 




1 28 




IS 1 


Vt>B 


1 58 


Bally caitic ...... 


0-.->0 


0 24 


0-68 


13 11 1 


0-60 


I 4 


1 1 1 f> n n r^n^ 


0-96 


22 8 


079 


10 3 


0-99 


22 19 


D<in:i ^- ■lai.lee .... 


0-91 


21 44 


0-85 


10 16 1 


1-03 


21 40 




0-82 


21 .H 


0-84 


10 23 


0-91 




L'lc)(;h( r Head. . . . 


0-85 


S- 2 


0-79 


10 21 


0-83 


21 42 


K infTsiuwti 


0-76 


21 i)i 




10 3 1 


0-83 


21 58 


i Jii:ii;iorc East . . 


0-21 


2 37 


0-33 


15 10 


0-27 


1 38 


Now H(».H 


0-22 


0 51 


0-40 


14 33 


0-2.5 


0 47 


Pa.viagL' .... 


0-15 


4 2 


0-22 


14 l.l 


0-17 


1 20 


Castle Towuead.. 


016 


18 » 


1 AOS 


12 41 1 


1 010 


20 52 



A glance at thi.s t;il>le will show how different are the velocities of the diurnal 
tide-^^tive and the semidiurnal tide-wave. From Kill)aha to Port Hush, the diurnal 
tide travels in a direction so dtiferent, or with a velocity so small, that it loses 5^ 
boars in time upon the semidiuroal wave. Bat it pane* throagb the North Channel 
with sach speed timt at Donaghadee it has regtuned about 4} houn. Its course bow> 
ever will be better understood by forming the actual time of high diurnal tide, or 
rather its interval after tlie moon's transit. I liave treated the nuinhers in the fol- 
lowing manner: — Increasing the ninnbers for July 23r(l by 12^ 24*", or half a tidal 
day (because the moon's deciiuation then was in a direction opposite to that on July 
9th and Angost 6th), I have three comparable intervals from semidlamal higli 
water to dinmal high water. I take the mean of these, and apply it to the mean 
interval from moon's transit to semidiurnal high water in the table of page 39. I 
also take the mean of the three coefficients. Thus the following Table is formed ; in 
which it is to be remembered that the coe(Tieients are to be takeu positive for July 
9tb and August (>ib, and negative for July 23ni. 
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Kill)ft)ia 

KilruBh 

Fo}-DM IdbacL . . . 

Limerick 

CwlehBty 

Galway 

Old Head 

MuUagluiuw*.. 
BuncMHift 

Pact Bwh 

Cuvowkcd 



ft. 

0-61 
0-5.') 
0-72 

()-7H 

0-66 
0-66 
0-89 
0*86 
0'7« 
•41 
9'79 



iBteml 

noon*! tniuit 
to dignial higli 
water. 



m 
51 
45 
22 
9 31 
0 3B 

0 40 

1 35 
89 
56 
16 
55 



I 



4 

6 

s 

8 



I 



Ballycasll<> 

Ol^am . . • • . . . . 

Donagbadee 

ArdgiaM 

Clogber Head 

Kingatowii , 

Dun more East . . 

New Ko«a 

Passage We«t . . . . 
Cude TowBMod. 



ft. 

0-59 
0-91 
0-93 

0-S6 
0-b'i 
0-76 
tHI7 

MB 



IIMMM'ltmHit 

todinnial Ugh 
wnter. 



b m 
8 25 
8 15 
8 14 



18 



8 30 
7 33 
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Comparing' the coefficients in this table with the coliiinn of mean range of serai- 
diurDul tide in page 35, we can discover no analogy between them. The range of 
diurnal tide Is not at all reduced in the Nortii Cbaiuiel< nrhere tiie eemidinmal tide 
is so muoh dualntshed » nor (as irill also be shown beresiler) n it parlaeelariy dimi* 
nisbcr] hetireen Kingstown and Dunmore East, where the semidiomal tide is nearly 
or quite obliterated ; but it is much dioiinisbed at Castle Townsend, where the semi- 
diurnal tide is pretty large. 

Oa examining the interval from moon*s transit, it appears evident that the dtumal 
tide comes from- the south, or very nearly front the soath. It app«irs also that it 
does not pass in either direction through the North Clmnnel, but tlwt the Strait is 
filled simiiltancou.sly, or ncurly so, at both ends. It appears also that the wave travels 
very quickly from soutli to noi th in tlie Irish Channel ; so quiekly indeed that it is 
probable that the tide is simultaneous throughout. But between Castle Townsend 
and Passage West it loses more than six hours, or a quarter of a diurnal tide. I am 
totally unable to ncplain this. The case is very grsatly diflhnnt from that discussed 
in page 40, w here the change of phase was almost exactly lialf a tide. I must leave 
the sohilioii of this difRctilty to some more advanced fbcory of waves. 

I may appropriately elose this section with a statement, in tlie form cominoiilv 
used by nautical peri$uui>, of the most praaiineut elTectb of the diurnal tide at tliu 
several stations. 

Assuming that the maximnm diurnal tide, with positive sign ibr the semidlaraal 

hi|^ watera Ist division, occurred about Jnly 9 and August 6, and with opposite s^ 
on July 23, it appears that the maximum takes place when the moon's rig-ht ascen- 
sion is about 9**. This is not very accurate i first, because the solar diurnal tide is 
neglected ; secondly, because the days adopted are not purely for maumnm at semi* 
diurnal high water, but partly also refer to low water. Using however 0^, it appears 
from the table in page :)0, that the semidiurnal high water at Kilbaha follows the 
moon's Greenwich transit by 4'' 47™; and, theiefore, when the diurnal tide is great- 
est, the soiniditirnal tide at Kilbaha occurs at IS"* 47" Gi-eenwich sidereal time, or 
I3h -u, tviiLmija sidereal time. If this happens at noon, the sun's right ascension 
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tnait be is** T^, or tbe 4«f mint be about October 12; if it happens at aue in the 
raorniog, the son*s right Moension uinet be 19^ 7"t and the day must be about January 

6. In the same way the day may be found for other honri. The coefficient may be 
taken from tbe table in pagfe 28, donhling the menn of the quantities in the three 
high water columns (without regard of i\gti) for the difference of two tides. Thu« 
tbe following Table is formed. 





GnttMt 

itilTerence 

wucn on 




ft. 




0-71 




0-55 


Foynet Ishnd 


0-73 


Limi^rick 


0-77 




0-66 


Gal way 


0-61 




1-H 


Mullaghmore 


- l-€5 




1-37 


Port Rusk 


Ml 




1-81 



Dtf when j Daj when 
the cxcew of the txecu of 
nooo tide raofning tide 
over ml<U ' over e^'eaing 
lug-hl tide u | tide i» 
gnatett. gresteit. 



Oct 12. 
Oct. H. 
Oct. 30. 
\ov. 7- 
Oct. 14. 
Oct. 17. 
Oct. 17. 
Oct. S6. 
Not. 6. 
Nov. 14. 
Nov. 26. 



Jan. 6. 
Jun. H. 
.Ian. 
J.W. 30. 
Jan. 8. 
Jan. 10. 
Jan. 10. 
Jan. 18. 
Jan. 28. 
Feb. 3. 
Feb. 18. 



Grtatcat 

difference 
gftmhigh 
wtten on 

same <Iav. 



Dajrwlwa D«f wiien 
(be elccM of the excm of 
noon tirle liooniiBg tidt 
uviT mi<|. I over evening 

nighl tiiir it tide in 
|frc»lo»t. 



Rallycattle 

Glenanii 

Donttghadrr 

Ardglans 

Cloghcr Head 
King«town .... 
Dunmore Eaiit 
New Rum .... 
PfeiMge Wait.. 
CMtleTMnMBiid.. 



ft. 

M6 
1-4H 
1-41 

1-lS 
0-44 
0-53 
0-30 



Nov. 24. 
.Ian. 7. 
Jan. 13. 
Jan. 13. 
.Ian. V). 
Jan. 19- 
Oct. 21. 
Nov. 2. 

OetSl. 

Ocbia. 



Feb. 16. 
April 10. 
April 17. 
April 17. 
April 20. 
April 23. 
Jan. 6. 
Jan. 24. 
Jmi.14. 
Jan. 7* 



Seelioa TSu — MOkod of expressing the height of ihe miier, tkrougkoui every individual 
Hie, iff 9me$ mid codnet ^ mvt, and er^refsriom in thb/Krm/cr tvay Hde t» 
tk* whole M/riu i^obtervaHoM, are^ thote at Cuvtoim, 

Tbe tines of high water (and simltorly those of low water) bai4ng had thdr prin- 
cipal irregularities smoothed down by the operations described in Section II., and 
being corrected for the {Hnrnal f-qiintion in time ascertained by the operations of 
Section III., present u series ol times, which are liable perhaps to something like 
constant error from the method involuntarily adapted by the computer in fixing on 
the tine of higb water, and which are affected by the pecoliar form of the tidal fanc> 
tion at each station, but which nevertheh» fidlow at intervals equal (with vety con.- 
aidorable accuracy) to the true tidal day of the place. This being understood, it will 
be seen that the following process entirely corrects any error of the supposed times 
of high or low water in its exhibition of the time of muxiuiuui of the first tidal argu- 
ment, and is entirely free from the effects of svcb error in the exhibition of other 
quantities. 

Tbe whole number of observations, equidistant in time, made in the course of one 
tide, being about 150, if we divide this duration into sixteen equal parts we shall 
have at least nine observations in each part; and the mean time of these nine ob- 
servations cannot in any case be more than 2^ iniuutes from tbe middle of titat pari. 
It appears evident here that we may use the mean of all the bdgbts in one portion 
to rq»resent (with smaller error than unavoidably occurs in tlie obaiervations) the 
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in«an whidi would have been obtained if obwrvaltoni had been taken at infinitely 
small equal intervals. The same remark applies in a stronger degree if the wiiole 

duration he divided into twelve parts. 

Let us use tlie term phase for an angle proportional to the time whic h increases by 
360° in a complete tide; and let it be assumed that the height ut the water can be 
expressed iij the ftlloirii^ fomnia : 

Aq+Aj sin phase +Ab sin 9 phase +As wn 3 phase 4- At ^n 4 phase 
+Bi cos phase cos 2 phase +83 COS 3 phase +B4 cos 4 phas^ 
ami suppose that t!u' f-omplete tide, or 360° of pliase, is divided into sixteen equal 
parts and the tne in Ik i^^hf in each part taken. 
The nituii In igiit ui the tirst part will be, 

A*+|Ai(c«0-co8g)+4A,(coeO-cos^)+^A,(cosO-cos^)+54<(cosO-c« 

-t-^Bj^sin ^ - sin 0^ +|^B5,^.siu — sin 0^ +^^(*>n ^ — sin 0^ ^ ~~ 

The mean height in the second part will be» 
Ao+?A,(coB|-oos^)+^(c«8j-cos^)+|^A3(co8^-twf)+^A4(cos^-coi^^ 

+|B,(<in I - dni) +|iB,(sin sin ?)+|B,(.in | - •in^)+^B,(«in ^-«in?> 
and so on. 

Now if wc g^roup these in the following manner, 

(ist + a t h + ^>t !i + ' 3 1 h ) + (2ud +6th-4- lOth-f 14th)— (3rd+7tb+ 1 lth+ 15tb) 

— (4th +)-ith4- i2th+ 16tb), 

32 

the sum will be — A4. 

If we group them in the following manner, 
(l8t+r,th+9th-|-i3th)-(2nd+6th+10tb+Utb)-(3rd+7th+llth+16tb) 
+ f lth + 8th4-12th+16tb), 

the sum will be — B4. 

If wc unite the adjacent mcsDS and group them thus, 
. (Iit-l-2 nd + 9t h + 1 nt h) + (3rU+4th + 1 Ub+~12th)~(6tb +6tb+ iath+ Uth) 

— (7th 4-8th+ IStb +16th> 

32 

the sum will be A^. 

If we group them in this manner, 
( let 4- 2nd -h9th + 1 0th) - (3rd + 4th+ 1 Ith+ l2tb)-(Sih+6th+13th+ l4th) 
+(fth +8tb+ I6th+l©tb), 

tliesom wiUbe*^B|. 
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If we unite the adjacent numbers already formed by union, so as to iiave the sum 
of four adjaoeat meani together, sod combine them thus, 

(lst+2nd+3rd-MUi)+(&th+6th+7th+6tb) ~ (Olb+lOth^-Utb-flSth) 
- (19th+ Uth+ I«th+ 16th), 

^. . 32 . , 32 . 

the sam u — Ai+ Ay 

If we combine there in this manner, 
(lst+3nd+8rd+4th)- (5th+6th+7tb+8th)-(gth+ 10th + 1 lth+ IStb) 
+( iath+ 14th+15tb+ 16th), 

the torn ii ^Bi-^B,. 

Then If we divide the complete tide into twelve equal part$, and take the mean 
height in each, we ehall have 
Mean height in the first part = 

Ao+||A,^coiO— cos^^+^Aj^cosO— COB "j'j i ^A^^cosO— cos^^+^A^^coaO-cos 

+>,(8in |-«ao)+4B,(«n |-^«no)+^B,(8ia |-iino)+^B,(..n J-eino), 

and M on. And combining these in the following manner, 

(Ut+5tb+9th) -)-(Snd+6th+ 10th)-(3rd+;th+ 1 Uh)-(4th+8th+ 1 3th), 

the 80m will be ^ A3, or the sum x 3 = — A j. 

And if we combine tiiem in the fuilowing niauner, 
(Ut+Bth+ 9th) - (3nd+6tb+ 1 0th)- (3rd +rth + 1 1 th) H-(4th +8th + 12th), 

•■>4 4 30 

the sum will be ^ B3, or the enm x 3 = — Bj. 

32 

By aj^lying one-third of these to the espreseions last found, we shall obtain — Aj 

and B,. 

The mean of all the means, either in the division by sixteen or in that by twelve, 
is A,. 

The whole of these operations (after taking the means of the original observations) 

are performed with groat facility, and \ritfioiit the possH)i!Uy of mistake, by means of 
a printed skeleton form, of which ii spccirm n will he given shortly. 

The next thing to be considered is, how we stiall correct these numbers for the 
eflfect of diurnal tide, which is included in the observatimis, but from which our 
formula for semidiurnal tide Is to be fi«ed. Suppose that the tide fo^ns with high 
wiiter, and suppose a to be the effect of diurnal tide at that high water, b the effect 
of diurnal tide at the tow water followin^% or that which occurs in the middle of the 
tide. Then the complete effect of diurnal tide is represented by 

«.cos*^-5— +ft,Mn*^-5— ; 

MOCCCXLV. H 
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and the qnatioii ham how this fanetioii can be r^reieiited, throogfa the ooor«e of 
one tidc^ by a foriDnla rimilar to 

-{"^i phaae 4*A« ain 2 "phaae + &o. 

+B| cos phase +B^C08 2 phase + &c. 
For this purpose Ihave taken the mean value of the fiinL-tion for each sixteenth part, 
and for <>ach twelfth part, of the entire circle of pha^, and have combined these naio- 
bei-s accutding to the rules jubt iuid down. The result is that 

32 1 6 

The sam — A« is iocreased by-^xO'SQSOxa. 

3-7 1 1 

The sum — B^ is increased by — ^ X U U3y2 x b. 

32 IC 

The sum — A, is increased by— x 0-8964 x«. 
The snrn is iacraased by — — X0-I648x b. 

The 8uui ^ A3 is increased by — X2tf. 

The sum - B, Bj is increased by -^-^X 0*8964 X*. 

24 12 

The Sttoi — Aft is increased by -^x 0*5360X0. 

The sura ^ B3 is increased by — -j^ X 0 07U4 x b. 

The mean, or is increased by 4 

The cori'ectionsuie to be applied with opposite signs, in order to free from the effects 
of diurnal tide the resolte 'given by the observations. 
Another canee for which a correction is doe is, the difference of height at the be> 

ginning and at the end (the correction for diurnal tide being previously applied). If 
the whole rise c be supposed to have come by oniform d^^rees, tbe effects produced 
32 32 32 32 S4 

in the sums — A^, — A,, — Ai-f A,* and —A3, are -c, —2c, -4c, and -c. The 

corrections must have opposite signs. 
In this manner (confining ourselves for a moment to the constderatiou of 4 phase) 

we have such expressions as — A« and — B4. And the quantity which we wish to ob- 
tain !e A4 sin 4 phase +B4 cos 4 phase, which may be converted into one of this form, 

V^A^^+lii-X siu . 4 pliuae +<p, where tan <p= ^. Tlie coethcient is 
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As. in the aoalysis of all the tides, tliis trunstormatioa was to be perfoi'iueU about 
6000 times* it was highly important to deviae an easy metliod of eflbcting it. For 
thit purpoflo the foliowinjf meetianioal arrangement wai oootrived. Upon, a nearly 
square piece of pasteboard .were carefully traced two scales at nght angles to each 
other, with g-nuluations of equal parts proceeding from the point of union. Upon 
the edge of auother narrow piece of pasteboard was traced a gradaatioa wiiose parts 
were to the parts of the former in the proportion of 3*3 to 3*1416. The commencing 
point of this graduation was made the centre of a qoadrant, of which one radius was 
in the line of graduation produced. The divisions of the quadrant, proceeding from 
the line of graduation, were marked frotn 0 to 90^ and also from 360" to 270°. The 
method of using it was; to insert a npedle at the centre of the quadrant, and to 
plant its point upon one of the lines of the large pasteboard at tiie graduation corre- 
32 

Spending to — ; then to piwt a second needle in the other line of the large paste- 

S3 

board at the graduation corresponding to — B4, and to turn the graduated edge of the 
long piece till it touched this second needle ; the reading of the graduated edge, with 
a shift of the decimal point, {,';ive \J | A^y-f ^O^f + • ^"'^ 

the division uf tt)e quadrant cut by the straight line on the large pasteboard gave f. 
Wlieu the signs of A4 and — D4 are the same, the reading between 0 and 90° is to 
be taken ; when diflerent, that between 36(f and 970* is to be taken ; and in either 

case, when — A4 is negative^ 180^ it to be added or subtracted. 

Applying the same prpcets to the four combinations of A| and B|» A^ and Bg, A^ 
and B3, A4 and B4, we have the haght of the water at every instant expressed by 

the formula 

Ae+C, sin (phase +^,)+C2sin(2 pbase +ft)+Ci8)n (3phase 

-f-C, sin (4 phase + 

where the fhojse is an angle which nieusui cd from the assumed commencement of 

whole Aintion of tidfl 

the tide, and may be converted into time by multiplying it by gggs • Jt 

is evident liowever that the aigument (phase +^,) commences at the time when the 
water would be at its rnfiin lifi^^-^ftt 1>pfoic attaining- its greatest height, if the oseillation 
of surface were supposed to depend on that term only. The time of high water, on ttie 
same supposition, would be given by making (ihase -|-fj=90°, or phase =90°— 
convwting the expression, when found, into time by the rule above. Or the time of 
low water, on the same supposition, would be given by nmking phase +^='-270°, or 
phase " ^ro"-?),. It is convenient to choose, of these two expressions, that which 
pive^? the smaller fiuantity. The quantify so found is to be added to the Greenwich 
time of assumed commeacement of tide, and it gives the Greenwich time of high 

H 2 
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water or low water, on the tappodtion that the flaetnation depends entirely on the 
argument (pbate Since the Theory of Wava, as applied to Tides, leads ns to 

refer every angle to that ar^ment, and induces us to suppose that the term connected 
wifli that argument is tfre only one wh5ch is immediately created by the tidal 
forces (the others depending numencaily oii it utmost in the same way in nrhich the 
coeffidents d siicoenive multipies of mwrnaly depend on that of the siin|^ mtmaltf), 
It appears to be proper to consider the times of high and low water tbns fimnd as the 
genniri ri mes of high and low water. For the sake of distinction I call them the 

Analysed Times. 

As it is convenit'iif to use thf time of one phase only, I have, when ttie analysis 
gave the Analysed Ttuies ot two low waters, taken their mean fur the Analysed Time 
of High Water. 

Now if we put phase +p]=ji, Pt-^9pi™C2, fs^dfiscji ^4'4ftBC«, oor expresuon 
for the hdght at every instant will be 

A»+C, sin ji+CjsIn (2j>+ci)+p,sin (3j>+c,)+C4Sin (^p+e^), 

and this, with a statement of the time at which tlie argument p has the value of 90'' 
(or the Analysed Time of High Water), gives a complete knowledge of the form of 

every tide. 

I annex a specimen of the printed skeleton form in which the calculations described 
in this section were made (the figures, and the words in italics, being inserted Ibr 
each special tide). And I subjoin the whole cf the results for the twenty-one stations. 
Each line is the digested result of al>out 170 observations. 
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eacb iQdividiul tide at lUllMlia, exelading diumiil tide» 





Gi. 






1 

c.. 




C,. 




Ik. 


ft. 

.... 


ft. 


■ • • • 


ft. 




ft. 




* « « • 


4 * m m 


» • • • 
« » « • 


* * 4 ■ 


• • • • 


• • • • 


« ■ ■ • 







B • ■ ■ 




4 • t « 


« • • • 


* « ■ * 

* « « * 


4 * « • 
• • • • 


k • • • 
« • • • 


164* 


S>lf 




14« 


••19 


915 


•46 


lis 


1«*79 


5K>S 


IMS 


199 




SIB 


t«l 


48 


IS-fiO 


4-71 


0*10 


I7# 


MS 


991 


•45 


140 


15-65 


4-20 


0-08 


in 


IM>7 


M4 


849 


88 




8-76 


«>18 


199 




199 


048 


99 


15-65 


3-25 


0-10 


tio 


0-88 


844 


048 


55 


16^« 


Hi 


4h«4 


144 


0-06 


M7 


•48 


181 


15-51 


2-73 


0-06 


916 




9S1 


•49 


69 


15-96 


2-82 


0-02 


838 


•K»7 


825 


0-06 


109 


i6»41 


5-36 


0*10 


818 


•H>7 


881 


044 


55 


1M9 


8-95 


0-lC 


816 


0-09 


868 


0-08 


87 


1A43 


4-7.1 


0-10 


187 


0-09 


£88 


0-04 


230 


16-00 


s-ss 


0H>4 


158 


•Hll 


810 


0-01 


889 


I6'0fl 


5-86 




885 


•'89 


968 


•44 


88 


]5>96 


6>SS 


0*14 


138 


•HI4 


917 


0*09 


44 




6*80 


«*I7 


149 


•-14 


948 


••OS 


61 


1G12 


6-BO 


046 


ISS 


8*14 


805 


0-07 


154 


15-79 


6-48 


0*20 


175 


0-02 


121 


007 


140 


15-46 


5-88 


0.23 


211 


010 


226 


0-03 


67 




4-97 


0-17 


200 




820 




199 


1<'99 


4*36 


0-08 


808 


0*11 


856 


•41 


176 


16-Ot 


9*7t 


O-IS 


196 


•H»6 


898 


•-08 


888 


16^0 


8*47 


0^9 


237 


0-04 


247 


0*04 


4 


19-80 


370 


0-15 


238 


oil 




0-04 




15-72 


415 


0-09 


276 


«lt)5 


288 


0*03 


148 


16'76 


4-48 


0-03 


158 


0-07 


815 


045 


810 


15-54 


4-93 


0>11 


161 


O-OO 


819 


044 


137 




5*85 


0-08 


188 


0-08 


350 


044 


174 


15-51 


5*50 


O'la 


166 


0-01 


„. 


0-03 


28 



AiuI^imI tim« of high 



1841 



b n 



Jane 94. 
98. 
SB. 

86. 

26. 
27. 
27. 
88. 
98. 
89. 
89. 
30. 
.'{(). 
Jnijr 1. 

1. 

2. 

3. 

3. 

4. 

4. 

8. 

8. 

«. 

6. 

7. 

7. 

8. 

8. 

9- 

9. 
10. 
10. 
11. 
11. 
12. 
12. 
1.1. 
13. 
14. 
14. 
18. 
18. 
16. 
17. 
17. 
18. 
18. 
19. 
19. 
20. 
20. 
21. 
21. 
3i. 
22. 
83. 



18 99 

6 89 

18 69 

7 13 

19 27 

7 46 

20 0 

8 20 
90 48 

9 0 

21 32 
10 2/ 

10 57 
23 29 

12 2 

0 35 

13 11 

1 46 

14 18 
9 89 

15 6 
8 88 

15 54 

4 91 

16 42 

5 0 

17 22 

5 42 

18 16 

6 40 

18 46 

7 10 

19 39 

8 2 

20 31 

8 55 

21 21 

9 48 
98 94 

18 88 

98 n 

19 1ft 
0 48 

13 27 

2 5 

14 86 
S 6 

15 32 

3 59 

16 20 

4 38 

n; .^)3 

5 9 

17 281 
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expressed by the formula Ao+C, sin p+C28ia(2/< 4-^2)4-^3 sin(3/>+C3)+C48in(4/>+c4). 



Analru-J xime of liigb 
wtler, ci>rr«>i"in<linf to 
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expressed by the formula A^-f C,8inp-f C2sin(2/>+r2)+Cj8in(3/>4-C3)+C48in(4/>+cJ. 
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Height of the Water in eaeh individtial tide at Clo|rber Head, exclading diurnal tide^ 
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expressed bythe formula A^+C,8in;>+C28in(2p4-c^)+C38in (3/>+c3)+C^sin(4/»4-C4). 
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Height of the Water in each indiTidml tide at Castle Townsend , exchidi og dnmnl tide^ 
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expressed bytbe formab Aj4- C, sinp+C^jSin (2/>4-C2) +C,sin (S/z+c^) +C4sin(4/>4-c4). 
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MR. AIRT ON THE LAVS 0» TAB TIDES 



Section XI. — Discusston of the height of mean water deduced from the analysts of \n- 
dk idual f'ules ; wUh reference to difference of statioa, and to variations of the phate 
of the moon, and of the declination qf the moon. 

The mean heights (A«) for each ataClon, in the reanlti of last seotioti, were divided 
into groups corresponiUng to large tides and small tides, the dividing places bemg 
the same as those in section V., page 29, oi following by two days the times when 

the moon's hour-angle from the sim was S*", O*", IS*, 21*'. The means for each group 
were taken, and then tht; menn of those means of groups belonging to large tides, and 
the tiimiiar meuu fur sniuU tides. The rei^ults arc the following, the numbers for 
Courtown being taken by anticipation from section XV'II. : — 
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The first cdmnn which deserves attention is the "mean of mean heights.** The 
progress of the numbers from Kilbaha to Limerick, as well as that from Dunmore 
East to New Ross, sliow well the change of mean height in ascending a river affected 
by current as well as by tide. Exclndin^ these river stations, as also Buncrana and 
Carrowkeel, which {Hirlake in some measure of the same character, we have a view 
of the comparative mean heights of the sea on different parts of the coast of Ireland. 
And here we have the remarkable result, to which allusion has already l>een made, 
tliat tile mean height of the sen round the northern half of the island, as referred to 
the surface of stagnant water, is considerably greater than that round the southern 
half of the island. The amount of this difTet ence of height is believed by the officers 
who directed the levelling operations to be much greater than can l)e explaincil by 
any allowable error in the levelling. 'I'lie heights on the eastern coast are aiau, per- 
haps, a little greater than those on the western coast. I profess myself entirely unable 
to eapUun on mechanical principles this result. 

In every instance except that of Castle Townsend, the mean height in large tides 
is greater than that in small tides. Further allusion will hv made to this in the 
examination of tlie next table. I shall here only reniaik that i imagine this to be a 
possible result of the shallowness of the sea, though theory has not yet reached so 
far. 



MOCCCXIiT* 
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Mft. AiaT ON THE LAWS OP THS TIDES 



For tbeinvestigatioii of the elfect of the BOcm'a deeUnatioo, the naie prooeM in 
all respects wu tued as in Section pagei 32 aod as, ami the fbiloving are the ». 
suits: — 
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with large 
didhHiiea. 
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16-77 


15-70 


+ 0-07 
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15-42 
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15-46 
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Upon eonparing the results of tins Table with those of the Table on page 96, the 
rematks made in page 33 must, I think, be considered to be insufficiently founded. 
The excess found by classifying according to the magnitude of the tide is here de- 
cidedly greater than that found by classifying according to the moon's declination. 
Id the river tides (from Kilbaha to Limerick, and from Dunmore East to New Ross) 
the excess clasnfied by the magnitode of tide proceeds move regularly than tliat 
classified hy moon's declination. I think also that the change for the statiiMis on the 
narrow channel from Port Rush to Donaghadee inclines us to the supposition that 
the whole is due rather to the variation of raagnitiulc than to the variation of declina- 
tion. The change of declination, being very slow. M ould probably produce the same 
sensible change in the mean level of the deep (though contracted) sea of the Nortii 
Channel as in that of the Atlantic Oceans thot^h everything wldch depended in any 
way upon the tides might be very different. Perhaps however the change for these 
stations is not sufficiently decided to give great force to this argument. On the 
trlioU', T re^rard the origin of this inequality as yet subject to some doubt. 

i he values of Ag at any one station differ, sometimes rapidly, from day to day. In 
order to examine these, I have subtracted fi-om every value of at each place the 



Digitized by Google 



Oir THB COASTS OP IRELAND. 



99 



inetii of an the valoet of at that place, and have set down the euBMa n an imgo- 
larity in the feneral hdght of the water at that plaee oa that day. The miinben for 
GoarCowD are taken by nntu i]* itlon frum Section XVII. The resdts are contained 

in the following' Table. With the view of iisccrtainlng' nny posjiiljle connexion of these 
irregularities with the cause of the winds, I have set down in the last columns tlie 
character of the winds observed at the four stations Kill>aha, Port Rush, Kingstown, 
and Funage Wes^ vfaich may he eonaidered aa nearly equidistant on the ooost, [The 
letter e attached to the letterB describing the direction of the wind denotes tliat it 
was neaiiy calm $ the letter » denotes that the wind was strong.] j 
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HB. AlftT ON TBB LAWS OF THB TIDES 



Upon inspecting these niunbersj one lair cannot 6!1 to occnr to ns, namely, that 
the irr^nlarities are nearly the same in magnitade and in rign on every part of the 

coast of Ireland at the same time. So prevalent is this law, that there are few instances 
in which the irregularity at one place differs from the mean of the irregularities at all 
the places at the same time by more than an inch. My ideas of the almost perfect 
fluidity of water have been very much raised by this comparison. I may remark that 
it embodies, in a form admitting of easy examination, the result condoded from rough 
inspection of oboenratimis which is made the foundation of a method for supplying 
defident ol»Bervati(»i8 described in page 10. I may also add that it gives no small 
security for the general fidelity and accnracyof the observers at the different stations. 

I do not perceive any certain connexion between the irregularities and the course of 
the winds, except tliat the water is usually highest on all parts of the coast with a 
violent sonth-west wind. 

In order to ascertun the general rdation of these irr^laritics to those of the 
barometer, I have compared the corrected mean hei^t of the Imrometer at Green- 
wich for each civil day with the mean height for the year (using the numbers pub- 
lished in the Greenwich Magnetical and Meteorological Observations). The follow- 
ing are the results : — 



Exeew of tkt Mcveeted 1 



1 haiAt of the iMwoneter eocii in, at GaMBiriohK«bo*o tha 
" - 1848. 





in. 




in. 




in. 




in. 


1 


in. 




in. 


June 2S. 


—0-142 


July 4. 


-0'«26 


July 15. 


+ 0-378 


joirse. 


+ 0*042 


Aug. 6. 


-0-OSS 


Aug. 17. 


+ 0-132 


94. 


-0-251 


& 


-0-S38 


16. 


■f 0-174 


«7. 


+0-187 


7. 




18. 


-0-041 


U. 


-0-234 


& 


+0-1S9 


17. 


» • » • 


S8. 


+0H156 


8. 


-f 0-078 


19. 


— 0'0€7 


S6. 




7. 


-hO'«70 


18. 


•-••118 


S9. 


-0-069 


9. 


+0-017 


SO. 


+••088 


97. 


+ 0-218 


8. 


— O-SlS 


19. 


-••147 


St. 


+0HI83 


10. 


-••S6S 


SI. 


• • • • 


SS. 


+ 0-268 


9. 


-0-271 


SO. 


-••C31 


SI. 


• • • • 


11. 


-0-029 


22. 


-0-OSS 


t9. 


+OHI97 


10. 




21. 


-0-189' 


Aug. 1. 


+ 0-310 


12. 


+ 0-313 


23. 


-0-064 


SO. 


-O'OSO 


11. 


-0-288 


22. 


+0-064 


2. 


+ 0-164* 


13. 


+ 0-443 






July 1. 


-0-168 


12. 


—0 046 


23. 


+0-235 


3. 


-0-0161 


14. 








2. 


— 0105 


13. 


+ 0-226 


24. 




4. 


—0-092 


IS. 


+ 0-242 






:i. 


.... 


14. 


+ 0-.TH« 


25, 


-0-040 

1 


5. 


-0-036, 


I6.j + 0-207 


1 





I have also obtdned, through theltinAHsaof Sr W. ILHAiiiun»i,the buometrieel 
obeervati<ms at the OlMervatory of Dunsiak, near Dublin j and from Colonel CoiSY 

and Captain Larcom, R.E., I have received the observations made in the PhcBttix 
Park near Dublin, and at Limerick. The following results are obtained by 
paring each day's mean with the mean for this period. 



ofte mna hdiglit of the bonmetwr eidi d*/, at Dttblin» above die men oTaU. 



■ink. 



Ju!ic2:j. -O .tl -0-S72 
21. -|>^I2 -0-454 
2o. -IHU -0534 

Si], -(-oKfi itoitn 

S;. -I-K.ll -r'>.T15 
2S Ifi +0 UH 
Sl>.+<>- 13 +0-120 
30. +0-Oi,+0«N 

1.-0-M 

S.-««« 

a-oss 



iOf 4, 



-043 
-042 
6J+0M 

7. -0-S2 

8. -o ;tM 

9. -0-.-I2 

10 -II ii 
U.I-043 
If. -4H» 
18. +0-14 
14+0^ 



Pbmix 



la. 
-0*47 
-MSI 
+0-178 

-0^7 

-0-365 
-0-lHO 
-0-485 
-0074 
+0-UI 

•i-o^a 



Daa- 

■ink. 



I"! 



Dua. 



ninfa 

Park. 



July +o;u 



16. 
17. 
18. 
19. 
80. 
SI 
8S. 



+»M>4 



. -0-13 
-0-12 
-0-11 
.+001 
.+0-W 
. +0-80 
84. 

8S.+4HI8 



+ua88 
+0074 
-0-IM 
-0-153 
-1>-I65 
-0147 
-0<I06 
+0'S05 
+0-3IM 
+0«M> 
+0-0S1 



July M.| +0^19 
87.+»SI 
88J+0« 
»/+0«> 

50. +O4 

51. 



Aug. 1.I+0-3S 



+0^164 



+000 
+0-10 



-0-14 



+o-is> 

+0-17J 
+0484 
+0-965 
+0-315 
+0O7t 
+4H)St 
-0-110 
-0-llf 



Aug. e.'-OiM 

7. ...... 

8. -<MM 

9. :-0-10 
10.1-^21 
ll.l-U'Ol 
H.i+0-17 
1S.1+0-4J 
14. 



15, 



+0-37 



1C+M8 



— 0-070 

-0419 
-OW 

-O-lIl 
-0^5H 
-0-011 
+0-170 
+0-418 
+0-445 
+0-34i 
+MM 



Aug 



17.+OO0 
IH. +0-01 
1!>. -0-17 
20. -"-08 
SI. 4 0-12 

as. +0-17 
-007 



+««» 

-OOIS 
-0410 

-O-IOS 
+0-115 

+o-ie 
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Kxces* of the mcau height of the barometer each day, at Limerick, above the nMan of alL 





ID. 




in. 




10. 




in. 




la. 




IB. 


JvneSS. 


-••407 


July 4. 


— 0-54S 


July 15. 


+0*965 


Jalj«6. 


+0-182 


Aug. 6. 


— (H)6« 


Ai(g.l7. 


+ 0<»58 


OA 


— Ir447 


c 
O. 


A. 1 Cn 

— 0-lo9 


Id. 


— 0-wo9 


27- 


• A^oa A 

+ 0*3»4 


7- 


— 0*1^9 


18. 


— 0*002 


85. 


—0-636 


6. 


+ 0-21* 


17. 


— 0-320 


2K, 


+ o-e95 


8. 


-0-171 


19. 


-0-198 


96. 


-0O77 


7. 


—0-217 


18. 


-0-208 


29. 


+ 0-220 


9. 


-0-15)2 


to. 


—0116 


27. 


+ 0-360 


H. 


-o-su 


VJ. 


-0-178 


30. 


+ 0-.t.37 


10. 




21. 


+ 0-099 


28. 


+0-178 


9. 


-0-346 


20. 


-0-132 


31. 


+ 0-381 


11. 


—0-058- 


82. 


+ 0-190 


29. 


+0-178 


10. 


-0-191 


21. 


+ 0-030 


Aug. 1. 


+ 0-323 


12. 


+ 0-122 




-0-069 


30. 


+ 0-039 


11. 


-0-491 


22. 


+ 0173 


2. 


+ 0-052 


13. 


+ 0406 






Jdr I. 


-0S>72 


12. 


-0-104 


2.1. 


+ 0-308 


3. 


+ 0-124 


14. 


+ 0-42t 










W. 


+0-094 


84. 


+ 0-206 


4. 


_IHI51 


15. 


+ 0-360 








—••116' 


14. 


+ 0-440 


29. 


+ 0-074 


6. 


-0-162' 


16. 


+ O-301 







The comparison of these nnmbers with the irrcg^ularities in tlie heights of the water 
amply supports the law of Dattssy, Whewell, and Bunt, that a negative irrcgnlarity 
in the height of the barometer is accoiDpaoied by a positive irregularity in the height 
of the tee, twelve or fourteen times as great as lliat of the haroineter. 



Section XII. — Discussion of range of tide, or (^efficient of jimf arr. in I fie analt/sis 
of mdh 'uliinl tides ; tmd of scmimenstrual ineqtittUiy in rangf, appartnt proportion 
of solur anil lunar e^ect*, and age of tide as deduced from range. 

The tides were divided into groups of large tides and small tides, separated at the 
same times as those particularized iu pages 29 and 96. For each of these groups the 
mean of the valoes of C| was taken, some deftdent valoes being supplied by interpo- 
lation. The moon's parallajc and the aqnare of the eodne of the moon's and son's 
declinations were taken for two days preceding each tld^ and the means of these 
qaantities were taken through the same £rmnpa. 

A genera] result will be obtained by forming the som of the mean values of C| for 
all the stations in each group. Thus we obtain ^— 



Lugo Tidea. 












h b 
Jnljr 6. 16 to July 13. 3 
July 20. 9 to July 28. 9 
Aug. OloAngJl. 16 


ft. 

117-43 
100-11 
129*11 


0-8742 
0-9076 
8*9260 


^ 44 
54 41 
60 81 


0-8547 
0*8816 
0-9194 




Mlltdcs. 


Period. 


Sbb «CaMn nfeMttf 
C^ataaSMiMian. 






Matt Tj^M^jTcwi* 


b h 
June 98. StoJuly 6.16 
July IS. StoJofySO. 9 
July S8. StoAug^ S. 0 
Ai|g.ll.l6«i»Ai|.18.1S 


ft. 

n-ee 

84*68 
78^40 
77-84 


0«<S7 
•«88S 

0-8965 
0^697 


A A 

SiS 

87 84 


0-8466 
8-8666 
S^IS 
0*9878 
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• 

Pat M for the Iimar effect when the iqiiare of the4saeine of the moon^s deenniMoii 
is 0*9 and her parallax is ST' ; «• for the quantity by which this is increased for evety 

increase of 1' in parallax ; s for the mean effect of the sun (the square of the cosine 
of his declination being 0*9) for one-fotii tli of ii huuitioii, positive in the large tides 
and negative in the small tides, which bears to the absolute cfloct of t!ie 'nn a rela- 
tion expluined in page 34. The effect of the variations of the moon s paiaiUx and 
declination upon the luni-solar tide, as is well known, is nearly the same as tltat on 
the simple lunar tide s and ther^re It will be correct to refer the mean of the lani- 
solar tides to the mean of the moon's parallaxes and square of cosine of decUnaiions. 
The variations depending on the moon's declinations are not strictly in the propor« 
tion of the squares of the cosines of her declination, but in the present instance, 
where the means of the squares of the cosines are very nearly equal, may be assumed 
to be so without sensible error. Forming then an equation from each of the lines in 
the Table above by these contiderations s reducing them to four equations by retida- 
Ing the second, taking the mean of the first and third, the mean of the fourth and 
sixth, and the mean of the fifth and seventh, and combining these so as to form three 
favourable equations, by adding all, by subtracting the sum of the third and fourth 
from the sum of the others, and by subtr-acting the sum of the second and third from 
the sum of the others, we obtain the following equations: — 

3;715= Mx4 024-l-»iX 0 33-4X0 008 
69-61S X 0^008+mX 1-39+* X 3-938 
31-87» - M X <H»36+m X 7*83-#X O-OSM. 
Tnm these we obtain Ms93-4, ms4*56^ ««s 16*37. The moon's eflhct, therefore, 
for the parallax 57'+»*' may be represt nted by 93-4+4-56xn. If the moon's hydro- 
dynamical effect varied as the cube of lier parallax (which is the law of variation of 
her statical effect), the formula n ould be <>3-44-4*92 x The result of the movement 
of the water has therefore been, to reduce the elliptic variation of lunar effect by 

0-36 . , 3 , 
^pfu%or by ^ part. 

Now it is shown In the£ncyc1opa;(lia Mctropolitana, Tides and Waves, Art. 448, 
that if the tides were created by the efl'ect of the moon on the water iti a umform 
channel surrounding; the earth, and if h were the earth's radius, k the depth of the 
water, g the acceleration produced by gravity in the unit of time^ n' the nioon's appa- 
rent angular motion round ^ earth (as estimated by a spectator who supposes that 
the earth does not revolve on an axis), and A the moon's angular motion from her 

perigee \ then the elliptic variation is changed by | • f^7f^~j^ part. Thus we <^ain 

4 iib*h 3 

Makmg - = we find ~ eo ~3 nearly ; and A = -— • Observmg that rib 
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•linear velocity of a point at the equator produced by the earth's rotation, supposing 
the moon fixed, we easily find —- = 13 miles nearly ; and thus our observations give 

Depth of the sea sft=22 miles. 

If the channel were supposed to be a snmll cu-clc of the eartl> instead of a large 
one, the resulting depth of the sea would be diwloishcd ia the proportioa of the 
square of its diameter. 

Wbatefer may be supposed of the error of thts nMnd^ or the in^^ksalnllty of Uie 
theory by which it H obtained to the circumstances of the eeas, I may remark that it 
i^rees generally with a result deduced fitmi Mr. Whbwblls discaasions of the olner- 
vatioDS at Brietol with reference to the moon's declinations 

Ammning however that we have correctly determined "^^5* we may proceed to 

remark that-f- the moon's bydrodynamical effect is represented by her statical effect 

multiplied by gi^'^iiit by constants ; and that tiie sun's hydi odynanacal effect 
is represented by his statical eSiect multiplied by ^j^^^ and by the same constants. 

15 

If we consider ^=j^> then the bydrodynamical eflfect of the moon contains the 
mnltiplier 

J_ _\ \_ 5 25 

S 

while that for the sun contains the multiplier 

L 1 _ 1 H . i. 28 
ffk' 15 S~ifk' 5 gk'lO 

w's 

And therefore the proportion of the moon*8 statical effect to the 8un*a is greater than 

Ibe proportion of her dynamical effect to the sun's in the ratio of 28 to 25. And as 
the moon's bydrodynamical effect^ deduced from the values of M and 4 above (93*4 

1*00 

and i6'37), by the considerations in page 34, ia nearly =^^X aun's bydrodynamical 

1"00 

effect, it follows that the moon's statical effect =5^^ sun'$ statical eflVct =4 X sun's 

statical effect. This cnnrlnsion differs widely from Laplacb's ; yet it is formed, aa 1 
believe, on grounda a^ good as Lxplacb's. 

For particular results applying to each individual station, regarding the semi- 
menstrual inequality in rang'c and the apparent proportion of the solar and lunar 
bydrodynamical effects; the mean value of Cj for large tides is found by taking the 
mean of the three values in the three periods of the last Table, and the mean value 
for amall tides by taking the mean of the four values In the four peiiioda of the test 
* UdM and Wvm, Art. 854. t IbU. Art. 441. 

MDCCCXLT. F 
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TiUe: 
on pace 35 



mA tlMn tnoAag Iheae m the i 



M Id the btter |wt of the taU* 



State. 


tidct. 




If MB, or H. 


Dilfefeoce 
iliricled by 
roeuj. 


Corrt»pon<Ung 
H 










ft. 








D'la 








IMS 










9^ WW 


5*37 


0*44 


- -*» 


FofOM Uud. . . . 


7 So 




* iJS 


C'JD 


0-39 


0*32 










7*59 


0*37 


0*30 


caMcn uay ...... 


b*3a 




* i>- 




0-50 


0*42 




t)*41 




.1. C 


5' 1 0 


0-49 


0-4 1 




5-59 


3*43 




4*51 


0-4H 


0-40 


MMllnglimore .... 


5-3S 


3-25 


210 


4-30 




0'4l 




,''rS4 


3-37 


9*47 


4*i> 1 


(l"34 


0-46 






1-38 


M8 


l-$7 


0-60 


0-52 




3-35 


1 9.'> 


1-40 


2^5 




0-45 




1-42 


0-88 


0-54 


I'M 


0-47 






e-89 


2-47 


••42 


2<8 


0-16 


0*12 


Dona£ha<lc« .... 


5-24 


3-96 


1-28 


4-60 


0-28 








4-96 


1-94 


£^3 


033 


M6 


Clogbcr Head . . 




4>81 


i-ds 


»>80 


0-34 










1*57 


4^ 






Dunmorc East . . 


S'TS 


»91 




4^ 




••31 


New UoM 


616 


4*51 


1*65 


5>a4 




••25 


Pacsa^c Wcjt .... 


6-94 


4M9 


1-75 


5-«7 


0-3» 


0*28 


Castle Townsend.. 


4-79 


3*33 


1-46 


4-06 


0-36 


0*29 



For the age of tide ns inferred from range, the times have hcen ascertained (by 
interpolating betMrcen the times in the Tables of forniula! in Section X.) at which the 
actiiiil value of C, may be supposed to coincide w ith the mean value of ; and the 
times thus found have been compared with the times ut which the moon'ii huur-anglc 
from the sun was a'', 9'', I5^ 21'', namely, June 26, 6^ July 4, 16^ July 1 1, 3'', July 
18, S**, July 26, 9^ August 3, OS August 9, 16**, and August 16, 15^ An error is 
here comroltted alternately + and — , and thereforeit is proper to use an even number 
of comparisons. Ei^ht .tre used at every place except Ballycastle and Glenarm, where 
only six are used. [It is to be remarked t!)at in the use of tJie formulae in Section X., 
a number opposite to a bracket is always held to correspond to the mean uf the two 
times embraced by that bracket.] The means of all the differences at each station 
between the times thus ibund from Section X. and the times correspondiqg to the 
hour-angles S**, 9^ &c., are adopted in the following Tuble as the age of the tide. 

THiese* nr-f fh'* true of tf)e tide. 



St.il.cm. 




Sta;i<>ii. 1 Ape of tide. 


Kilrush 

Fojnes Island. . . . 


d h 
1 20 
I 19 
1 21 

f * 

1 20 

1 S\ 

1 


Miillaglinjore .... 

i!iincm:)a 

Port Uuah 


(1 h 
i 0 
J 20 
1 11 
1 14 
1 5 
9 9 
S € 


* TMca aad V«ei, Ait. 545. 



Station. 



Ardglaiis. . .... 

C'logher Head 
Kingstown .... 

iUuniuore £ut 
New Ro8» .... 
Passage Wmt. . 
CaiOe Towmeiul 



of tiilc. 



<1 

2 
2 

2 
2 
1 



h 
2 
o 

0 

2 
2 
I 
23 
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Sectioa XIII. — Kstahinkmttnt of each prjri, at deducud from ike ttme of taaxiaium of 

Hw preeeding o pe r att o m baving made it mifficliailly dear that tbe age of ^ tide 
dMto little ftwn two days, it ii pfoper near to refer all tbe pfacnoaieBa of the tide 

to an ^x>cb two days earlier than the obscn'atioa. A process i:^ thcrcJure adopted in 
this section (lifTt riug in a trifling- degree from that in Section \ II. The times are 
taken at which tiie moon's hoiir-aiigle from the son was 0'", 12'', IS*", and two days 
are added to thtse times : the resiuUing times are June 24, 9^', July 2, 20'*, July 9, 19'', 
July 16, 2lS Jaly 23, 23*, Augitat I, le^ Aagast 8, 1^, August 15, 5\ August 22, l6^ 
These times are anmned to divide tbe lai^ge lanHidal intervals from tbe amall ones. 
For the lonitidal intervals at the high waters of the First Division, the moon's time 
of Greenwich transit is taken for that transit which precede* the hi^-^h waXvv by two 
days and a few hours ; for the high waters of the Second Division the mtwti's time of 
Greenwicb lower transit is interpolated. Conipai-ing these tiiues of transit with the 
times of water In the formahe of Section X., the hroitidal Inlemds eorrespond- 
iof to Imtar transits two days earlier are foand. The means of Iftese are taken for 
the groups separated by tbe times specified above. Then, the inediis of the large and 
the small lunitidnl intervals being adopted as the mean interval, a correction of l** 
41°* is applied subtractively, to reduce the interval after moon's transit two days pre- 
vious, to the interval after moon's transit on the same day us tbe tide (l** 41"' being 
iSoA diflference between two solar days and two lunar days). The resnU is oontaiaed 
in the folbwing Table. 





Mean of lai;^ 
inl«nr«lt from 
tnutfit tiro dsyi 
prerioiu. 


Mean of small 
iatervali from 
trauul two tUyt 


Mean of all the 
lal«rvali (ram 
transU turu lUjrt 
pBevimn. { 


True 
iiitrtiMiiwtiB 
Greonrldi itaw. 




h 


m 


h. 


m 


h 


m 


h 


m 




6 


53 


5 


55 


G 


24 


4 


43 




7 


6 


€ 


7 


6 


36 


4 


55 




7 


49 


6 


54 


7 


SI 


ft 


40 


Liiucrick........ 


8 


19 


7 


27 


7 


5S 


6 


12 




7 


3 


€ 


a 


C 


33 


4 


52 


Galvay ...... . . 


7 


H 


6 


9 




3« 


4 


57 


Old Head 


7 


19 


6 


23 


G 


51 


5 


10 


MuUagbaore .... 


7 


a$ 


€ 


37 


7 


.8 


5 


27 




8 


87 


7 


21 


7 


54 


6 


13 


Port Rurfi 


9 


4 


7 


50 


8 


27 


6 


46 




9 


4H 


8 


44 


9 


16 


7 


35 




If 


4 


» 


o 


9 


3S 


7 


5S 




It 


SB 


IS 


3 


IS 


ts 


10 


47 


Donafihadce 


19 


10 


IS 




w 


4S 


11 


a . 




19 


14 


IS 


\% ' 


IS 


45 


11 


4 


ClogberHnd 


is 


SI 


» 


M \ 


IS 


S» 


U 


11 




IS 


SS 


IS 


30 


IS 


as 


11 


17 


Dunmore East . . 


7 


14 


6 


16 


6 


45 


5 


4 




8 


fi 


7 


11 


7 


38 


5 


57 


Passage West .... 


7 


S6 


fi 


31 


€ 


58 


5 


17 


Castle TowtMeod.. 


7 


% 




5 


6 


^4 


4 


S3 



p2 
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hufuai^ m Hme, proportion of solar and bmat 
^Ifhds fivm ^met, and appartKt deimed from the 
time ^ mwdmum f^thefint penodietd term m the anafym of h^Svidmd Hdm, 

Taking the dilKerence of the mcaiis of large interviilB and tmall intenrals in the laat 

a 

Table, we dedace from them the value of by the same fonnula as that employed in 
page 43. Tbe resnlts are as follows 



KilbaliB 

Onuh 

Poynes Island!. . . 

Limerick 

Casleh Ray 

Golwav ....... 

Old Head 

MuIlaghmaM , . . 

Buncrena 

Port Rush 

Camnrkeel.... . 



Difference of 
meuii of l»rR 
InlervaU anu 



5S 

A9 

55 

52 
60 
59 
56 
62 
66 
74 
.64 



Value of 
S 



<h97 Dallycasth 

j Glenarm 

(VSS j| Donagbadec . . . 

0-34 .\riijjlass 

0-39 j Clogher Hcail , 

0-38 [ Kingstown 

©•36 I Diinmore Fa<t 

0-40 \ New Kowi 

0*42 Passage W'e»t. 
0-48 Caatia Towocend. 
0*41 



Difference of 
meani of large 
iatenrals ana 


Value of 

S 


■ 




6S 


e-40 


50 


0*33 


S4 


0'35 


58 


0-37 


57 


0-37 


56 


0-36 


58 


0-37 


54 


0-35 


b& 


0-36 


SS 


«'37 



These are the true values cf supposing that the process lor linding thcni has 

been correctly followed. 1 omit here all deductions as to tbe absolute maximum of 
aemimenstroal inequality in time at each station, for a reason that will be exptaitted 
in Section XV. 

To obtain the apparent age of tide as shonti by times, a process was QSed analogous 
to that in page 43 or that in page 100. The times wore ascertained (by interpolating 
between the times in the Tables of forniulfein Section X.) at which the actual interval 
of analysed high water from moon's transit two days previous coincided with the 
mean iDtervai fai tbe l^ble of page 107. These lloies were then compared with the 
times at which the moon's hoap.ang1e from the son was 0^,6^, I8^t namdy, 
June 33, June 30, 20^ July 7, 19\ July H, 2\\ July 31, 33^ July 30, \6\ Aagnst 
6, 4^, August 13, 5'', Augxist 20, 16^ The difference was considered to be the appa- 
rent age of the tide as given by tbe times. Tiie following are tbe results: — 



Kilt)nlui 
Kilrush 

Forces l i w iPM. . 
Limeriek. . 
CHleh Bay 

Gal way . . 
Old Mead 



d 
1 
I 

1 
8 
1 

1 
1 



h 
7 
IS 
tt 
7 
4 
3 
6 



Mullagbi 



Port Hush .. 

Carrowkeel .... 

BallycaMle 

Glenarm 

Donnghadee . . 



MTttda from 



< h 

• 23 

1 4 

e 9 

+ 1 0 

-0 14 

+ 1 12 

1 13 



Ardgla-^.. . . • . . 
Ctogher Head... 
jKingitowii ..... 
DnDiDora &Mt . 

New Rom 

Passage West. . . 
CasUc Townscnd. 







s 


h 


1 


11 


1 


11 


1 


S 


s 


7 


s 


18 


1 


S3 


\ 


11 



* Hdf* and Wavca. Ait. 588. 
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The apparent age from times is at every littural station, except Dunmore, consider- 
ably Itm than the age from range. At Port Rash the apparent age is small ; and at 
Ballyoutk* the diminntloii proeeede so fiir as to change the dgn of the apparent age. 
I cannot entirely explain this difTcrence. It indicates that large tides arrive earlier 
(with reference to the honr-angles of the son and moon) than small ones ; but I know 
not why this should happen. 

Section XV. — OiM^Mp/Mm the rtsuUt as to mean hngki^ rangtt teminumtrual in- 
equality in height, age of tide nhfaincrl from hciifht, establishment, scmimensfrital 
ine(jualify in time, and age of tide obtained from tiiiu;i, deduced fmm }i\'^ii and 
low waters onli/, in Sections V., VI., VII., VIII,, with those deduced from the ana- 
lysis of individual tides in Sections XI., XII., XIII., XIV. 

With regtird to the lucun heights, we have to compare the results in Section V. with 
those in Section XI. And first for the mean height on the whole series of observa- 
tions. The stations which appear best adapted to enable us to decide on the adop- 
tion of Mean Heights or Apparent Mean Heights as our standard (that is, as most 

nearly related to the height of water miaffccted by tides) are those upon the Shannon. 
And these leave no doubt that the Mean Hei^jbts (deduced from the analysis) ought 
to be adopted. In a current river, it is inconceivable that the height at a lower 
Station (as Foynes Island) should be equal to that at the highest station (Limerick), 
as it would he if we relied on apparent mean heights. These are the only stations 
which throw much light on this subject, for at Dunmore East and New Ross (river 
stations) the two results agree; and, at the littoral stations, there is on the whole no 
difference of a critical kind. At the two qunsi-river-stations of Buncrana and Car- 
rowkeel) we have on both systems discordant results, one giving a mean level higher 
and the other lower than that of the more exposed stations. The extreme diminution 
of the range of tide between Port Rush and Glenarm causes no sensible alteration of 
the mean level, in either system of results. The greater elevation of the mean level 
at the northern part of the island is equally wcll-tnarked in both. For the variation 
of mean heigiit under different circumstances ot large and small tides» large and 
small declinations of the moon, and increasing and decreasing declinations of the 
moon, the comparison of the numbers on the two systems gives little Stabject for 
remark, except that the difference between large and small tides in tlie Shannon sta- 
tions seems to be more strongly inaiked in the mean heights than in the apparent 
mean iieight'-. This hou-ever does not M ell accord u itii the idea of a standard height. 
It will be remarked that at Limerick the ditfercnce between the mean height and the 
apparent mean height is nearly a loot. 

With regard to the range of the tide, we hare to compare the '* Mean Range** in 
the 6th column of the Table in page 35 with the double of **Mean or M* in the 6th 
column of the Table on page lOG. Neglecting the difTcrcnces of 0*0 1, we may assert 
that, at all the stations except Mullaghmore and Dunmore £ast, the apparent range 
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is greater than 2 Q in the forniuke of Section X.; and that in the ri?er-6talions the 
dilBsience it consMeraMe. WidwHt aecouatiaf for Uk tw oceqptkm, I may icBttk 
that iMa Amn that the depaitoic fnm the pore iaam of tide depcndiBg «b « aiag^ 

sine is, at all the other stations, simiiar in sorm important points of its character to 
that in a river tide. The naiUM of the tide at each afeatioa will bt CTwnined aave 

acciiratt'Iy in Section XVF. 

"VVitli regard to the scniiimMistiual inequality in heiglit and the aj)parent value of 

g 

wc have to compm e the two last columns of the Table on paj^e 105 with the two 

' aioaUar ooiHoina of the l^dile oil page tt. Tbe nninberaaiieaoiiearljcqaBltluitwe 

B 

cannot ataert that there 18 any certain difTeraoce. Tbelaiige valueof j| at Port Rash, 

the small value at Glenann, and the general sraalhiess from jDooagbadee to Castta 

Townscnd (like that in the river station Limerick) are equally marlced in both. 

With regard to the age of the tide as obtained from iieights or ranges (which, as I 
have stated before, is the true age of the tide), we must compare the results on page 
105 with those on page 38. They agree, on the whole, very well; though the ages 
deduced from the analysis appear to be somewhat smaller than those deduced from 
hi|fh and low waters. Tlie ages deduced from the analysis also agree better among 
themselves. The diminution however from Port Rush to Ballycastle is remarkable. 
The general result seems to be that on the south-western coast of Ireland the age of 
the tide is about one day twenty hours. 

For the establishment, wc must compare the Table of page lUG with that of page 
39. Only at Limerick and New Ross is the difference considerable : at these sta- 
tions it amounts to alioat twenty minutes. 

For the semimenstrual inequality in timc^ we must compare the numbers in page 
107 with those of page 42. And here it will at once be renmrked that a great and 

impottant change has been made ia the resulting valoes of by the new iMde af 

treating them. The values at Old Head and Glenarm and the following stations are 
increased, and those at Port Rush and Ballycastle are diminished, till they agree suf- 
ficiently well with the others. Tliis ( liange arises from two causes. First, the deter- 
mination of times from the analysis is vastly more accurate tliau that from the esti- 
nintion of the times of Ini^'t and low water. Si f-fifsdly, in Section ^'111. the groups 
for large intervals and iiinull iiUervais were divided ut each station from a consideration 
of the magnitudes of the intervals themselves, whereas in Section XIV. they were di- 
vided from consideration of a totally different circumstance, namely the age of the tide 
as shown by the time of occurrence of the mean value of range. Strange as it may 
appear, the former mctliod was incorrect, and the latter is correct. Tlie former metliod 
is affected by a circumstance which ought not to enter into the formation of this result 
at all, namely the change in tlie time of station-tide, not depending on the change in 
the time itf sea-tSde, bnt depending on the change which the chai^cter of the tidal for- 
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Mvimimawl aiabniM ialtentind wnMt (which an lh» •Ijccliof MrNwcfa) 

oocor at the tunes (corrected for uge of tide) flhtm the omoq** hn«ri«gV firom the 

sun is -S*", 9^, &c. But from hour-angle O*" to hour-ang-le 12*» tlw mng^ of tide is in- 
creasing: the niodificatioii of time of station-tide as related to tiim: ( f pca-tlfle is 
therefore increasing ; a aecoad inequality of time is therefore combined witit ikc nr&t, 
faaving a dMSmat tiiM of Tfcatohingt the time <tf veaiahing of the coapoond »• 
equality is tberefore dilfawBt firom that of the firit ineqaalifer, and the manimmn m^- 
nltode of the coinpound inequality is different from that of the first. And this pro- 
dtiCf"*! full I ffi 1 1 if wv. mnkf' our divisions of f^roups with rffcrfnoc to the time of 
vanishing ot tiie coiiji oiiiid inequality. But if we walie our divisions strictly at the 
times when the first inequality ought to vanish, then, though every individual time 
be affected by the seoond inequality, yet there are the same number of inatances 
affiected In the <ame way on opposite sides of oar places of division, and their eflbet 
di<<appears in the final result. Bnt as the full compound eflect is not used fbr our 
final result, conversely we cannot from our final result infer the maximum raag'ni- 
tude of the full compound effect, or the maximum value of the semimenstrual in- 
equality in time. 

' These condderatlons appear to be deserving of the utmost attrattoa in inye^ 
gating the most important single result which can be dedaecd from the ^«s, namely 
the proportion of the hydrodynamical effects of the sun and the moon. 

The mean of all the values ef n m page 108 is 0*38. It is probable that, on at- 
tending more scmpnlonsly to the age of the tide at the different staUons* results 
would have been found agreeing more closely with each other: bat I think it liltely 
that the nipnn wotdd srarcely liave hi^vn altered. 

With re^nid to the apparent a^'c of tide obtained from times, we must com- 
pare the numbers in page 108 with thos»e in page 44. The general result of the com- 
parison is, that the mean of the opposite ages deduced from high and lonr water 
agreM with that deduced from tbe analysis as nearly as can he expected (where a 
small error in the estimated time of high or low water would produce a great effect 
on the resulting f^gf) Tliey agree in giving a small apparent age at Port Rush and 
Ballycastle. Tiie ages dodnced from i-ange agree also in this. Now this rciuh* is 
exactly that which would follow from the supposition that a tidal wave with a large 
jaqge tnvrels more quickly over the shallow bottom than one with a small range: 
and that this holds not for the phase of high water or low water only, but for the 
xero of t!ie angle fh Or it woold follow from tbe supposition that a wave of short 
pei iud t ravels more quickly than one of lontr pfriod (the tidal day near conjunction 
being shorter than that near quadrature). Neither of these points has been esta- 
blished by theory ; but tbe former appears to be very probable. 

• » TidcB and Waves. Ml. 4Ca. 



Digitized by Go 



lis MR. AtRT ON TQB LAWS OP THB TIDES 

Seetimi XVL— JtoNorib <m ike tuwetdb^ Umu qfihe tatfretHomfor inimdiial tides, 
at rdaied to the magmivde the Hde, to the poeition en the sai-eont, to the 

foriHon on the river, Sgc. ; comparison mth the termeghen £y the tkeoiy efmnea 

discussion qf the quarto-diurnal tide. 

In order to reduce to a smaller number the numerous formulae of SLLtion X., and 
to render tiic relations of their cocffieients and arguments at once accurate and di- 
stinct, the formula iiave been divided into groups corre8|>ODdiQg to large tides and 
small tides, the times of divisloii being the same as those used in the discuBsfons of 

32 

the semimenstrual inequality of lieiglit. Then, for the larg^e tides, the nnmbei"8 — 
have been collected and their mean has been takeni aliuilarly, the mean of the numbers 
<^ B-i has been taken ; and from these, by the treatment described in Section X., a 

terra similar to sin (2 phase +^2) formed. The mean of all the anirl - p^ is also 
taken, and its double is subtracted from the ni!!nl»er corresponding to f^- A similar 
process is used for 3 phase and 4 piiaae. As lor some tides ^1 is nearly equal to 90° 
and for others is nearly equal to 270°; the expressions in the latter case ai'e made to 
admit of combination irith those in the fonner case bj sabtracting 180^ from and 
1^ changing the signs of A, and B,. The small tides are treated in the same manner. 
Tbs following Table contains the result. 
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Variable part of the foriuulse fur tlie elevation of the water at each of the Stations in 

Large Tides and Small Tides. 





Lam tid«L 
Snyl tides. 


S'lS.sinp +0^l€.ain(9p+l64) + 0-03. sin (3p+ 231) +0-03. sin (4j»+88') 
^7d.sin|i 4-«^>iia(tj»-t-S08) +0'06.«io(Sp+S4S) +8-0i.aiB(4p+lM) 


Kilnub { 


Larvetidtbi.'6-54.siiiyi +019.siD(2/7H- 104) -)-0-«6.Hii(8^-f 195) +(MI3.riD(4|»+l67) 
Srndl tid*-*. 4'19.8«n/> +012.8in(2/»+ 128) + 0-06. sin (3/>+ 810) + 0-02. sin (4;>+ 175) 


FovncH Tstmid ^ 


Lar^p tk!«i.V*35.«in;> +0-.')5 . sin f2/) 11 1) +0-26.mii(3/; 4 iGi) + 0-03. sin (4;/ -f- 2/7) 
-Small liili-. 4-itt;.siiiyj -| n :i7 i i : -/ - 1 ?4; + 0-1 1 . ?,in (3/i 4- 1 7j) + 0-01 . sin (4yj + 32") 




Small tides. 


sOs.sin/j . OyO.. sin I- 75) +0-68 .sin (3;> + 125) +0-38.sin(4/j- 16O) 
i'yZl.ainp +0-74.sin(S/>+ 111) +0-40.8in(3/>+145) +0'15.siii(4jM + H»S) 




Luxe txdta. 
Small tidn. 


6-3ft.sins +O*l6.siB(»0+l6S) +0*lS.tia(3/>+814) +0*06. 1111(4^+348) 
8>88.iinj» +0^>7.rin(S|»-f919) ,ibi(9p+»») +«^S.aio(4p+ 




Large tkle*. 
Smaatulo. 


&41.ab0 +8>l8.ain(90-f 157) +a'18.aiD(S|><|-904) +8'l«.siii(4p+849) 
»89.«iBp +IN8.sja(9p+M4) +<»'19.«iB<S/»+<») +8^4.atii(4j>+ 88^ 


OUHMd { 


Iju-ge tides. 3-59. sin/> +0-08. sin(2fi+ 154) +0 04.siii(3/>+I96) + 0*04. sin (4/i-fS8S' 
Small tiUess 3-43. »in^ + 0-04. «iii(2;> +216) +0-10.sin(3;>+257) +0-0> .»in(4;>+S37) 


.Mullaglin\ore | 


Large tides. 
Small tidrt. 


.".■35.sin;; f O'OCi . sin ('2/) + I60) 4-0-07 . sin (3;j -i- 14) 4- 0-05 . sin (4 ;j 4- 1 H4) 
3--'j.sin/' 4-0-04.sirj(i.'ji)4-i-'17) +0-03 . ■^in (3;y4- 134) + 0-0-' . sin ( ) / ■ 1) 


BuBCfWM ^ 


Large tides. 5-84. sin ;j +0'14 .sin ( f 10.1) +0-OH..sin(3/> + 26e) 4- 0-04 ..^in ( 4/j + ^n.-i) 
Small tide.*. 3-37. siuy> +O-04 ,sin(^/>-f 199) +0-04 . >in (3;> + 2*<i> +0*0J .sin (4/i/ + S37) 




LaraetidM.,S.66.aiDp +a>08.un(2p+lM) +0-lS.un(3i»+ifi7> •t-0*01.«n<4/>+S07) 
Ml tiiln.|l.W. 110/1 +0*04.«ii(Sp+«eO) -|-Q*07.ria(Sj>+SS7) +MS.aiii(4ji-H17Sj 




Large tide*. 'S'35.aiD0 +l»'l7.«l»(Sp+SS8) +011 .sin(8p+MS) 
Sii»Utide«,fl-96.aiB|» +0>01.<in(Sp+919) +«H>6.aiB(Sji+J99) -»-0'«1.8iii(4ji'|>lMj 


1UI«»«iU flLarge tidc8. l'42.iin;i +0-07.»in 308) +0'07.*in(3;) + 3:6) +0-(»S.iin(4;> + 218) 
DWijCPnie \:Sraan tide*. 0-88. sinp + 0-06. sin + 338) +0-03 . sin (3y) + 31 1 ) +0'«1 .mii(4;>+293) 


p, r LaiXT tiiics. 2-8!l.«iii/^ -f 0-1 7 • ( ^;'+ 76) + 0-07 . sin (3/> + ^x'7) +0-01 .siii(-l;j + 310) 
\ Small tllk^<. ^'47. sin// + 0-Oj . sin + .''O) -f 0-04 . : 1 1 i /. + J:>7) 


■ . filjiiTpe tide*. 5'24. sill /> + 01)7 .»iii(2;>+ 66) + 0 03 . sin ( 3/> -f- 1 74) -f 0-01 ••in (4/» + 3J7) 
uanigDMW ^ jSnmll tides. 3-96.8in/> +0-03.»in (2;i + 318) +0 Q3.siu(3/> + 230) +0'01 .sio(4/i+ 85) 




Laigi»tidca.,6-90.Map +0-18.siii(Ss+ 98) +0-04 .«o (3/1 + 146) +<HIS.Hn(4jp+l«S) 
Saiantidca.|4'96.iiiip +IM>7.tin(Sp+117) +0'04.iiB(3p+917) +Hn.iiD(4j>4-l60 




Laigati(ki.^79.*faip +lhS6.iiB(SB+109) 4-0-M.iiB(Sj>'i-l66) + 0-01. tin (4|i+ 233) 
SaH3ltkia(.|4'Bl.aioji +M9.i6a(*p +I4i) +9-97 .tanlZp+m) +0'QS.iiji(4|»+f41) 




Large tides. '5-26. »in;j +0-38. «n(2;7+ 143) +0-02. sin (3/»+ 7) +8'0S.sin(4^+llS) 
Small tid«s. 3-69. stn;> + 0-23. sin (2;>+ 165) +0-01 .sin (3/> + 225) +0'(».iin(4/> + 171 ) 




Lsrpe tide«.'5'7.^.»inp + 01 4 . sin ( + 1-3) 4- 0-1 .=> . sin ( 3/>+ 94) + 0-01 . sin (4/) + 3H« » 
Snnill tides. 3-rn .«iny> + 0-1 1 . -in ( ^/i + 3) -|- D n-, . m ; f 103) + Q-Ol . sin ( 4/j 4 1 ■i" 1 


New BiMi *• < 


Large tides. 
Small tides. 


6-lC.siny, +0-47.sin(2/J + 34h) 4- 0-^6 . siri( 3;/ 4- 101 ) + 0-03 . sin ( 4;> 4- 11 6 ) 
4-51.sin/> +«'a0.gin(3p+346> + O I6 .sini 3;i+ 9.i) 4- 0 01 .stB(4p+ 03) 




Large tides. 
SntOl tides. 


9^4.ainB +0'S9.aiB(8s+S98) +0-09.Bio(3p+ 87) +0'04.UB(4p+ 731 
4'l»>step ■)'4Ht4.aiB(»p+Sl€; •(■Q-t7.iln<Sp+ 95) +(Htt.aiB(4p-t. 48) 


C-UeTowu«nd....{[ja;«Jj 


4>79*tiBp +841. sin (2p +297) +<^>iiB(8p-|'M9) •(••■tS.sui(4p+8Sl) 
ll>S8.aiap +8>l«.iiB(8p+810) +MS.aiB(Sp+8«i) +0^>8.sia(4p+ 79) 


MDCCCXLT. 
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In order to institute a comparison of these numerical resuks with theformnlic given 
by theory^ it may be convenient to premise the following expressions :~ 
If the tide were created in a uniform eh«ni|(el, forming a great circle ronnd the 
tb, the expreetfon for the lieight of the water would bwre the form 



A.sin /)+B .sin 2/)-f 90°, 
where B would have the same sign as A if the velocity of the tide-wave were greater 

than^^/^' ^ bebig the depth of the cbannei 

If the tide at the month of a golf be a pure tide, or one in which the elevation is 
expreesed by a . sm^, then the elevation at any point in the bay will be expressed by 
the fornrala 

A . si n ;> + B . sin 2/> + 90'', 

where (in the case of a «^ulf snfficiently long to have a tidal node) A and B have dif- 
ferent sign« fitMB the luouth of the gulf to the node, and afterwards have aiuiilar 
signs. 

If the tide at the month of an indefinitely long river lie a pure tldc^ then the eleva- 
tion at any point in the liver will be expressed by the formula 

A.sinp+B.sin 2/i, 

where B has the same sign as A if the flection of the river be a parallelogram, but 
may have the opposite sign if the section expand very nuich at the top. 

_ B. 1.^1. J vertical oscillation of the water 

In all cases x ** quftntity of the same order as dqrth of the treter ' 

I shall now proceed to examine the rcsuhs deducible firom the last Table. 

The .stations Kilbaha, ( asleh Bay, Old Head, Mulla^hniorr, may fairly he consi- 
dered as litforal stations on the open Atlantic ocean. .\uti their formula* ag^rcc nraong 
therosclveb almost absolutely to the second term, and in a great measure to the third 
term. They show dearly that the Atkntie tide then b not a pure tide. But the 
form of the argument does not agree with either of the two first formula just cited, 
which alone can apply to ir. At Castle Townsend, which is nearly as much exposed, 
but on a different side of the island, the formula agrees pretty well with the first of 
those above, supposing tfie depth of the sea very ^rcat. 

At Dunmore East the tide has nearly assumed the form of a river tide. 

Proceeding from Kingstown (where the cliaructer of the tide is similar to that at 
Kllbaha, &c.) to Clogher Head, Ardglass, tuid Donaghadee, the argument of the 
second term undeigoei a progressive change, its phase being less advanced. As the 
epoch of the first term is absolutely the same at these stations (tlic tide being simul- 
taneous at all of them), it appears that the wave represented by the second term is 
pro^'i essive. It seems therefore that it does not originate in the peculiarities of a 
guit-iide (contained in the second formula just cited), but that it has been created 
tilher on tlie open sea or in the shallower water between Ireland and Cbrawall, and 
now travels on as an independent wave. 
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From Aiuilaghmore to Port Rush, the second wave appears to travel witli the 
SMue speed m the principal warn. In pa&sing through the twrroir cliaiuid to Gin* 
wm, its pbaice iq>pear to inensw iniich more rapidly thfta those of the prinoipel 
wave; or, it appears to travel more slu^vly, or in the opposite direction. Tliis bow- 
rver is probably only an instance of the forced pragressuMi of the phases of trave ui 
the channel connectintc two tidal seas. 

The general relations Lowevcr of the waves depentliDg on 2p at the Uiffierent littoral 
stations will be seen more clearly frooi the following process :—>lVdte the estabUsh- 
ncnt of each station from Sectfoo XIII., and ooovert it into dqprees at the rate of 
1440" for a tidal day, and sabtract the angle thus found from the angle added lo 
It is evident now that oor phase p' at every station is referred to the same origin, 
namely to the time of the moon's transit at Greenwich. The expressions thus ob- 
tained for the quarto-diurnal waves are the following: — 



ft. 

0'03.ain(S;>'+ 41) 



'ft. o ^ . . r- t 

Kilhaha . . . . 0 l6.8in(2/>' + 2-14) 0-08.sinf 2;/ + 295) Donaghadee . . 0'07.9ln(V+ '^2) , , . 

C'a.s|c'h Hiiv . . 0- lfi.»in(a^' + .'Ho )'o-07.«n f*// + 296 ) Aniglass jO' 18 . sin ( 2// -f 1 (13 ) 0 07 •'*in ( -V'' + 1 99) 

C.aUM .' .. jUl8.»ili(V + 2'^a)009,«tn(2/>' + 277), Clugli.T Heiul. . |0-i.'fi.s.ii (^y/ < 167 ) O'l^.iiiiu i>*' + ) 

Old Head . . ;0'08.«iii(->' + 30h ) 0 04.si;»?2p' + 278) Kingstown 0 3h. sin ('?/;'+ ) 0-53. sitif2//+ i 

Mullaghmore!o*06.Nn(2^' + lSbyo-04.sin(2/>'+263) Dunniorc East . 0-14.siiii 2/>'+ 7- ) 0-11 .»iii(2/»' + 71 i 

Port Rush . . 0-0t».iiin(2p'+n3»0-04.Hiii(J/>' + 190 I Ta.^-Age Wt-t . . 0-;iCI. sinr3y/ + 344 I 0-^1 e^y' f 10) 
Baliycartle . . 0-S7.«o(V + «03)l0 06.8in(V + 245J,, CaatleTowascnd-O-il .ua(Sp'+ 7), O l6. sin («/>'+ 27J 

oiMim.. .. |s'i7^(V+ng)|»'te^<y+i*y>;| ] ^| 



The expressions for Com town, t!>e station intcmiediate between Kingstown and 
Dunmore iuist, are (as I remark by auticipation fioiii tlie next section) intermediate 
between those for Kingstown and Dunmore East, but nearly coinciding with the 



The variations in the values of the constants attached to Sp In the l^ble of page 
118» Sdsmtomake it impossible for us to attribute this term to the local drcnna^ 

stances of each port, and the coDsUIorudon of the Courtown tides in tiie next section 
will confirm this. The order of the munbers attached to 2// in the la-^t 'J'a!:lc '^lums 
that it may be considered as a progressive wave, beginning at Kingstown ue^u iy, and 
travellmg both ways roand the coast as &r as Bonaghadee. But whether sadi a 
thing is mechanically poanble, or whether it can be true that the quarto-diurnal wave 
(which necessarily is created by the semidiurnal wave flowing over the shallower 
seas between Ireland and Cornwall) can show itself as a great swell opposite Kings- 
town, and can then be propag^ntcd even opposite to the semidiurnal wave and round 
the ijtiuud, are points which i cannot explain. 

On the whole, I am not able to pronounce with any CMifidence on the origin of 
this wave, but I ham no doubt that, having been ereated, it travels along indepen- 
dently, and therefore that its existence is not due to the local eircmnstances of the 
several stations. 

a2 
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In regard to the river MUimn, I amy remark that the Shannon doei, in conee- 
qnence of the barriers to the tide at litnericlc, resemble a gulf in its tidal diaracter t 

and the second of the forinulee above ought therefore to apply to it} aild» as «iU 
easily be seen, it does npply witli considerable approximation. The river Barro\r, 
upon wliitli New Ross is situated, is not objitnicted in the same manner, and there* 
fore we might expect the third formnia to apply, and it does apply very nearly. 

I omit discussion of the third and fourth terms, becaaae theoiy, in a shape appli> 
cable to cases of nature, has not yet l>een extended sufficiently fiur. I may iMwever 
olieerve tliat, as I have shown with regard to the tide at l>eptford*, and to those at 
Southampton and Ipswich -f-, so also at Limerick, and in some measure at Foynes 
Island and New Ross, the third term is almost as important as the second, and the 
fourth is one of considenible magnitude. 

I may also call the attention of the wave-theorist to this circumstance, that the 
diflference between the coefficients for large tides and for small tides does not appear 
snffidently great in relation to the dtfieFence betweoi the coefficients of the irst term 
for large tides and small tides. -The coefficirat of the first term being coniridered as 
of the fii-st order, thixt of the second term would consist of a -. r l« 5 whose leading 
term was of the second order, &c. The departure from the proportions given by 
this consideration may depend upon the huceeeding terms of the series. 

It is also to be remarked that there is an undoubted difference betwera the argu- 
ments for large tides and for small tides. This seems to show that each sine is ac- 
companied by a cosine, and that their coefTit ients have, for their leading terms, terms 
of different orders in respect of the first coefficient of seroi-rattge. 

Section ^^IL—SqumUe £$€union of the iidal ohervatimu made at CbiO'lotM. 

The observers at Courtown soon discovered that it was impostible to adhere to the 
Instructions sketclied in Section I. The tide was sometimes apparent as a semi- 
diurnal tide, bat with constderable irregularity ; at other times, the character of 

setnidttirnal tide was (to common observation) completely lost, and in its stead there 
was a small tide four times a day ; in all cases the tide was small. In this state of 
things, the course which they adopted was, to observe continuously whenever the 
semMiumal tide was not distinctly marked, and to foltow the uanal rale (with some 
extension of observations) when it was welkmarked. In this manner a tolerably 
complete and very important set of observations has been secured. In several cases 
the observations Iku c been interrupted by the ili.seharge of water from the sluices 
for scouring the liarbour of Courtown ; in some instances there has been no difficulty 
in filling up the observations by conjecture, in others I have been obliged to adopt 
the limits of the tide (in the form of analysis) to these interruptions. 

In order to apply the method of analyi^s exphiined in Section X,, it was necessary 
to fix upon precise limits for each tide. But as no limits could be obtained at Cootw 
• fUloMiiliicdXkiiiMMtMm.lMS.p.4. t Ibid. IMS, i>p. 49 md 5S. 
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town (aa at otbtr atations) from the obtervatioiu ttMrnaelves, it was necosaiy to fake 

them from another station. The station selected for this purpose was Ardglass, 
The limits and the divisions into twelfths and sixteentlis for Aidghiss were therefore 
adopted for Courtown, as far as the continuity of observations permitted. Where 
{m is just mentioned) it was necessary to change the limits, tiiis was done if possible 
by altering the limits and all the diviiioiHi by tbree or of the twelfths (correspottd- 
ing to four or eight of the rixteenths) j in other cases they were oil altered by a defi- 
nite time. Then the means of the hdgbts in these observation were treated in the 

usual way. 

A correction for diurnal tide was indispensable (tlie liiiirnal tide being', at some 
times, as large as the semidiurnal). For obtaining this from the observations there 
were two means. One was, by means of the investigations connected with tertio- 
dinrnal tide to be detailed in the next section. These gave the diamal tide for the 
iMginning and the fourth parts of each of the whole day's group used there. These 
were the diurnal coefficients pro|)er to be used in the semidiurnal groups composing 
each day's group. Rut the corresponding diurnal coefficient applicable at the times 
of any Ardglass higti or low water was easily deduced from them by tukitig tlie sum 
oftlie products of the coeffidents next it by the cosines of their respective distances 
from it (conridering 96<f as corresponding to a tidal day). Another method was, to 
select from the observed heights those which corresponded to the times of Ardglass 
high water and Ardglass low water, and to treat them by the method of fourth differ- 
ences explained in Section III.; as these heights ought (in relation to each other) to 
be perfectly free from the effect of semidiurnal tide and of all tides occurring at por- 
tions of a semidiurnal tide. Using then these two methods, and adopting the mean 
of their results when both coal d be applied, a number of diurnal coefficients were 
obtained from the observations themselves. On comparing these with the diurnal 
coefficients ut the neighbouring stations, it was found that the coefficients at Courtown 
might very well be represented by the mean of those for Kingstown and Dunmore 
East at tlie same time. Accordingly, for alt the times for which no diurnal tide 
could lie mfely extracted from the olwervations, the mean <^ coeliieients for Kings- 
town and Danmore East was used ; and from these, when necessary, the coefficients 
for other times were deduced by the opcnition described above. The process then 
pursued was exactly the same as in other cases, except that no correction was at- 
tempted for rise of water. The results are the following, whicii dilicr iu form from 
preceding results only in tills ctrcumstance, that tlie origin of phase is the time of 
mean water at Ard^oss preceding high water, ond that therefore an ang^e expressed 
by a number of degrees must be added to the phase to form tbe argument of the 
first variable term. 
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Height oftbe water in each indivkliwl tide at Cenrtevn, cmdadiiig dinnal tidi^ 
where the origin of p is at the same time as at Ardglass (p. 8S and S3), 
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Upon Inepectiog ib« ntunbera in the oolnnm headed C|, it will be t>erfectly evi- 
dent that there is an error on Angnst 0. The setnidiurDal tide on that day is (com- 
paratively) large, its whole range exceeding three feet ; and there is no instance 
throughout all the observations of an irregularity equal to that wliich corresponds 
to an anomaly of 30 with thut rauge. i have no doubt that all the observations are 
recorded too early by one boar, ao error which would easily be eommitted at i»egia- 
ning, and whidi, where the observations are entered on forme ready prepared, woold 
be i-etained to the end. Correcting on this supposition, the tiu ee successive times of 
high water would be August 10'' 34'», August 9"^ 22*' 50'", and August 10'^ 1 !*> 15"; 
and the values of c,, c„ Cj,, c*, for August 9'* 22'' SO™ would be nearly 84°, 165°, 218°, 
and 106^ 

Next I would remark that there is undoubtedly an error of the same kind in the 
tide of July 4,-& ; hut as the tide is then very small, I have not ventured to state pre- 
Cisdy the altcrntion which I would propose. 

Thirdly, observing that where the tide h very small, tlic hours ou successive days 
occur eai lier, iu each of the instances where the order is well-marked (as from June 27 
to July 3, frotn July 2/ to Jtily 31, and from August 12 to August U), there cuti be no 
douht that the same thing must hold during the intermption of observations about 
July 13 and 14 ; and thus it will be seen that there are certainly four high .waters 
lost at that time. I have inserted four numbers by simple interpolation, to show, 
within two or tliree hours, the times of the lost high waters. 

It is also (o be retncinbered that nothing can be inferred from such tides as those 
of July li-lG and July 18, where liie cocthcieuts are 0'04 and 0 01. 

Bearing these remarks in mind, and giving particular attention to the second half 
of the olMervBtions, which, both for the regularity of the system pursued by the ob> 
servers and for the agreement of the results, Is greatly superior to the first, we arrive 
at the following conclusions : — 

The angle C) increases continually, and its increase amounts to 360° in about four- 
teen days. When its value is not far from 360°, its increase is extremely rapid. One 
of these jumps occurs between Angnst 2^ 9*' and August 2' I9i^, and one between 
August 16* 22'> and August 17^6^; one also between July 2'' O** and July 2^ 14^; 
another takes place between July I""' 22'' and July 10^ 5\ but (the results being at 
that time isomewhat irregular) the time cannot \w precisely pointed out. It is evi- 
dent from this that the Courtown tides are more numerous than the Ardglass tides 
by one tide in fourteen days nearly. 

The mean solar time of high water does not increase constantly as at other station^ 
but o<^cillates backwards and forwards. Thus, from July 19 to August 18 (in which 
period the tides at other stations have gradually retarded l)y twenty-four hours), the 
f-veniiig tides always occur between 5'' 18'" and l.s'' l.'>'", ami the morning tides 
always occur between lu'' 27"' and 24** 14"*, each time having twice oscillated be- 
tween its extreme limits in that peiiod. 
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From these circuinstaaces it is plain that the time of high water (confining our 
lemarks to the term sin {p-\-c{)) respects nainly tbe time of kbe aim's transit and 
not that of the moon's tranrit j and therefore, at Conrtown, ike ttdar Hie u grmUr 
than the lunar tide. This is, I believe, the only place on tbe earth in which sach a 
result has been distinctly obtained. The obsci vntions of Sir Edward Belchbr* show 
that at Otabeite tlie solar tide is as nearly as pos-sible equal to tbe lutiur tide. 

The times following lunar syzygy by two days were Jane 24, 9^, July 9, 19^ July 
SS, S3^ Angnat 8, 4*, August S3, 16^ » and abcNit these times the loni-solar tide is 
greatest at all tlie other stations. About these times also tbe soll-lanar tide at Coor- 
,t0wn is greatest. 

Tbe solar hour of high water at Kingstown, at the highest tides, is al)oiit 12'' 30™, 
at Dunmore East is about 6** 40". These are the two stations nearest to Cour- 
to«m mi the ooitfa mid south sides. The solar honr of high water at Conrtoim at the 
same times is about 9^ 30". At these Umes the elTeots of the sun and the moon are 
simultaneous as to piiase, to that we may treat tiic result a8 if there were only a single 
wave. It would seem then that the tran8itif>n from a tide of elevation at Dunmore 
East to one of siniultaneous depression at Ksngstown, and vice ver$(i, is not effected 
entirely by a node dividing the elevated wave from the deprej«sed wave. It appears 
that there is also a small pi-ogresslve wave. The gcuraetrical representation appears 
to be this t that there Is a lavge statitHiary wa?e^ having a node near Courtown, and 
malting high water simultaneous in all parts of the inland sea or Irish Sea, and syn- 
chronic with low water in the exterior sea; and that tbei-e is mingled with it n very 
smalt progressive wave. As to the mechanical explanation of it, I can offer notliiuir 
positive. But I would suggest for the consideration of wave-theorists, whether, in 
the case of a gulf (as the Irish Sea) having a small outlet (like the North Channel), 
it be postibie that tbe flaetoation may be represented correctly on medMoitcal prin- 
ciples by a comliination of the Stationary wave peculiar tea golf with tbe progressive 

wave peculiar to tlic channel. 

Returning now tu the cuiibideratiun ot the magaitude of tbe tide, it is evident that 
tbe coefGcient of tbe lunar tide has been diminished in a fiir greater degree than that 
of the solar tide. There is one explanation of this which is very plaasible, and which 
I have no doubt is the true one, namely that tbe node for the lunar tide and the 
node for the solar tide do not coincide (which, on account of the difference of the 
periods of these tides, we should expect a priori), and that the node for the Innar 
tide is much nearer tu Courtown than is tbe node for tbe solar tide. It is clearly 
possible that, by vaiying our cboice of Stations, we might vary the proporthm of the 
two eflbels in any degree whatever. Nay, by clioodng a station between the two 
nodes, we might have tbe solar and lunar efiiscts to conspire when they are opposed 
at other placf>«. and vice versd; and thus a station wonM be found where the spring 
tides occur at tbe same time as neap tides at other places. This doesi not occur at 

* FbikMophical TnuwactioM. 1849, p. M, &o. 

ia»oocxiir. n 
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Oovrloim I but the leader, in rdketinf an tfaii^ will see llie imporCMioe of onr oon- 
parlMHi «f the tine «f the lacgcet tides at Cburtovn with tiie time of the largest tidee 
at the other gtadona. 
We sliaH dow proceed to examine, the aecood periodical ternn; which wiUbefoand- 

not i-emnrkabie than the first. 

i>ii ghinr'mg over the vulucs of (first corrtjctiug that on August 9 as I have sug- 
gested), tite reader cannot &D to be ctrock with the general aniformity of the ntira- 
here. It li quite evident that this term has no irespeet to the siin*a transit^ but that 

it respects onl^ the moon's transit, or the coraraeneement of the loni-solar tide. If> 
wc look also to tlie cot-fticient C,, we find thut Its ma^^nitudc is cunsidernble,^ofn^ 

times exceeding tliat of tlii; first tiini. It is clear therefore that this term does not 
originate as a derivative from the first tern), |)rodiieed by the local eircu)ii-*iiiK'f"« of 
tlie |>Oi t. It docs not change grcxUly, but ncvtrtlielcss has on the whole latter values 
about the timea of large tides than about the times of small tides. If we diTvcTe 
olMervatloas into two groups, one corresponding to large tides and the other to Miiah 
tides (the limits beint;' the same as those for the other stations) ; and if we correct ns- 
before for the establishment at Ard;i^lass (to whicli station the f 'iiinf v. i tn! have 
been referred) ; and if we collect the eX[)ressions for the second periiKiie tenii it fhe 
three stations, Dunmorc East, Courluwn and Kingstown ; wc have this sequence of 
expressions. 







lAimUtvtix. 


]><tit(uuf« Ea»t, 


r.:irj.'i- tj;t(S .... 


O-n* .sin ( V + 


fi. 

o-;t:) . Hill ( i.'//' I- 191V) 


f;, 

(1-1 1 . sui ■ ■ . : ' 1 




O C.i .Mti (2/>' + 235) 


0^6. tin {ft// +999) 


0-ll.riii(l^'^-71) 





It appears here quite evident that this term at Courtown is only the reprcsscntatioUj 
of the same qnarto-dinrnal tide which shows itself along the whole coast. This wavni 
(whatever its origin may be) appears to iiave its greatest range and its beginning of 

pliases at Kliii^stown, and to spread both ways, diminishing in range as it goes. ' ^ 
The siicpeoding terms at Courtown are insiguifieant. j 
We liave now a clear n'presentafion of t!ie appai i nfly coidiised [ilienoincna of thej 
tides at Courtown. Both the semidiurnal tides are very much diminished, the luoaT 
80 much that its range is rather less than that of the solar tide. The quarto-diiiniai 
tide exists in nearly its greatest magnitude. The geometrical representation per> 
feci ', the meclianical explanation is not complete. In both rcspects, as regnrds'what 
is reduced to law and what is yet incomplete, the CoiirtOWn tides muSt be'regardedl 
as the must remarkable that have ever been examined. 

Section XyUl^—ExaminaHm into the queition of ieriio-diumal tidei, 
The observations at Courtown, as has been mentioned, and as appears from the 
Tbble in pages 118 and 119, were continued without interruption, day and night, for 
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n considerable time. Tlie observations at Duntnore Ffist, as appears from tlie begin- 
ning of the Table in page 88, were also continued without interruption for several 
days. These circuuist&nces appeared to me to offer a convenient opportunity of exa- 
mining whether tlie tide ocenrrini^ three times in the Inner day, which is pointed ont 
by tbefHy, is sensible in the sees around Irdand. 

The cfdculations for this purpose were made in the same manner as the oitber cal- 
culations described in Section X. The means for the twelfth parts of semidiurnal 
tide, or for the tweniy-foiirtli parts of diurnal tide, having been already found for the 
operiUiuns in Section X., the means of the first and second, of the third and fourth, 
of the fifth and sixth* kc were talien ; and these were evidently the same m the means 
for the twelfth parts of diurnal tide. They were then treated by the use of the 
printed skeleton form shown in Section X., in the same manner as the means for the 
twelflh parts of semidiurnal tide. Thus the diurnal tide and tertio-diumal tide were 
obtained ; and a consideration of the principles on wliioli tliat process is founded will 
show that the result is in no way affected by the semidluinal or quartu-diuriial tide. 
The constants additive to the phase, at Courtown, were corrected where necessary to 
adapt them to the snpposition that the phases are measured from the mean water 
precedbg High Water, First Divirion, at Ardglass; those at Danmore East are re- 
ferred to the same state of tide at Dunmore East. The angle p in the following Table 
increases by 360° in a tidal day. The day which is set down is that whose astrono- 
mical commencement occurs in the tidal day (the limits of the tidal day will be seen 
in Section X.). 



OtnvMnra. 



1 



June 89. 
SOJ 



July 



Aqg. 



I.' 
17.1 

18.' 

I9-' 
20. 

il. 

28. 

29. 
30. 
31. 

2. 

3. 

4.' 

5. 



a. 

1*57 •Un 
S<SI . *ia 

. »in 
0>8e.aiD 
4*09 . »n 

0-2i . sin 
0-3G . sin 
0-3M .sin 
0-43 .«ici 
0*49 . sin 
0*89 . »in 

0-15 

0-)0 
0-38 
0-53 
S'34 

e*!! .sin 
• •in 



sin 
sin 
sin 
•io 
sin 
tin 



sin 
IMlC.sin 



(p+SM) 
>+2€4) 
P+3M) 
(p+20l) 

(p + 3C5 ) 

ip+ 9i3) 
(p+ UO) 

(;)+S48> 

(/'+S76) 

■p+ 10) 
ptlOi) 
p+ 106) 
ip+ 87) 
(P+ 57) 
(;»+S57) 
Ip+ 46) 

(p+m) 



I 



ft. 

(hOS 
0-04 

002 
0*14 
0-06 

0-05 
0S3 

ooe 

O'OS 

0-06 

0-08 

008. 

0-10 

0-0 1 

0-OS 

0-02, 

O-ll . 

0-12. 

0-07 

0-11 . 

0-07. 



,sin (3^+188) 
, sin(3/>+ 86) 
,sin(3/>+177) 
sin (3/7 + 207) 
sin (3/1 + 236) 
sill (3/y+279) 

sin i:ip + ih7) 

aiti + 179) 
»iri (3/; + 132) 
sin (;>/»+ 168) 
sin (3/7+ 84) 
sin(3/>+ 87) 
!«in(,>+ 98) 
(.in (.1/^ + 306) 
sin (3^ + 315) 
sin (3/>+ S) 
sin(3/> + 328) 
sin(3/>+346) 
sin (3^+238) 
un(3p+2\\) 
sin?3/>+264) 
70) 



June 24.| 

86.1 
27. 
28.1 

29.' 

July 1.; 

2.i 



MS.flin(/>+208) 
>M*wia(Jp+307) 
0'8S.sin(/>+192) 
0-27. fin (;>+ 170) 
O'SS.sin (p+\6l) 
0-3^ . sill (/) + 150) 
0-19. sin (/»+ 187) 
0'17.HB(i»-|'178) 



ft- 

016 .sin (3/> + 253) 
0-08. sin (3/7 + 304) 
O-ll .sin (3/7 + 220) 
0-10. sin (3/7+210) 
O-09.8in(3/7+I82) 
0-00 

007 . sio (^4.349) 
0-6S.tiii(^-|- 99) 
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The diurnal tide is here shown pretty well, and the times of its changes of sign agree 
wdl with those touud in Section III. But the nuinbei s fur tertio-dturoal tide appeur 
ti> me perfectly lawless. I think that tb^y tnusl be i cgat ded as principally the effects 
ofacculent. ' 

On the whole, I am iticOfldl to b^ievfe that, as far as erkfenee goca« - th6 ttrtkv 
diurnal tide is not sensible on ibe eoast of Ireland. 
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II. On the Ttmptrature ^ the Springs, H^«U» and Rhett of iadik and E^ft, 
and qf tha Sta mid Tabk'landt fBHhiv^Jikf 7W>jit(». Jljf, Captain Nawmui, 
Madtas Armjft F.ILS. 

BeedraiJaiinry 1, IMS,— RMdFdinni7«, 1S44*. 

Professor Jambson, in his chapter on the hydrography of India, justly remarkst 

" Although India, like other great tracts of country, contains many springs, these 
have hithtrto attracted but little attention. The temperature of but few of them is 
knowai their magnitudes uud geognosticul situations ai-e scarcely ever mentioued ; 
and their cheniical compoBitlon, excepting in a veiy few initanccs, has been.neglected. 
The most importanl feature in the natural history of cotmmtm or ptrtnmal springs, 
nantely their temperature^ Is rarely noticed, although a knowledge of this fact is illus- 
trative, not only of the mean temperature of the climate, but also of the elevations of 
the land above the level of the sea; and our information in regard to their chemical 
nature is etjually meugie-)-." Since the publication of these remarks, much has 
been done by faiNsap and others in these brandies of Indian hydrography, bat more 
remains lo be effected before thb repraeeb can be wiped ont. The heat of springs 
having a temperature little above the mean of tliat of the surrounding country has 
been rarely noticed, though I feel convinced many such exist in India. That of 
springs of high tempeiuture, more attractive to the casual observer, has been more 
remarked. 

My own pbservaUons, and the few inferaices I have ventured to draw from some 
of them, are not offered as sufficient data for the establishment of laws, but merely 
as a contribtttocy ndte to knowl^ge ; in the view of courting inquiry andobservatiou 

by others more competent and better situated for continued research than myself. 
The tiiermojnetric observations Jiave been snatched generally on the line of march, 
or during hasty travel : 6ince my return to England, through the kindness of Mr. 
RonaaTQif, they have been adjusted to the indications given by the standard ther* 
mometer of the Royal Society. 

The observations extend at irrr i;iil;ir intervals from Alexandria to Malacca, or 
from 31*' 13' of north latitude to witUiu 2" 11' north from the equator; and between 
the meridians of 27° and 1U3° of east longitude. I had contiuued those on the tem- 
perature of the sea as far as the Bosphorus and Black Sea, but have judged them 

■ This paper hxnag onfiirbiiutelj been miiUid after id receipt by the kte Aiaiatut Seorettiy, Uie nading 
<rf it WW thiw nnwMrily dekywL— ^H^. 
t Ed. C«b. Cy«. No. 8. p. S67. 
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superflttoas in a paper limited almost to tbe subject of intertropical tempera^ 
ture. 

In the columns of tbe registers, the latitude and longitude, the approxiuiate lieigbt 
above the aea« the nature of the sarronnding foniiati<Nft, the depth to the aurfiuie of 
the water and depth of water, tbe temperature of the air, the moatb daring which 

each observation was taikeni and the approximate annual mean of the climate in 
which the wells, &c. occur, are specified as far as practicable. In the roluiiin of re- 
marks will be found a few observations on the chemical nature of tiie water, and on 
the size uf tbe wells and springs*. Those were selected which contained water all 
the y«ar round i though all were, more or less, subject to fluctuation duiii^ the wet 
and dry sessons. The wells in Egypt differ from tbe '*bourie$** of India in being 
lesB open and exposed to atmospheric influence. Those in the ?alley of the Nile are 
mere shafts sunk through the black alluvium to an impervious marly and sandy bed, 
to depths varying, according to the distance from thf river, from ten to forty feet. 
Their circumferences, like those of tbe Indian "pot wells," are from nine to twelve 
yards. They mainly depend on the river for water, which is supplied by infiltration 
through tbe soil,^^ circnmstance to be taken into consideration! in all indications 
aflfbrded of thdr tempenitnre. The wells in tbe deserts of Egypt, like those of Ajmir 
and the western deserts of India, are frequently of great depth, lying under strata 
of sand, grrxvel, and a cnlcareons sandfstone, on an argillaceon« or ftiui ly bed, suroe- 
times at a depth of 300 feet below tlie surface of the surrounding country. In tbe 
granitic districts of Upper Egypt, in tbe Tbebuid desert, however, I have observed 
springs rising througli the almost vertical stiata to tiie surfiioe. 

In India, most of the wells marked as occurring in granite, trap, limestone and 
sandstone, result from springs, and are consequently not so much influenced in tem- 
perature by tbe monsoon rains as those in luteritie rocks, which, from their porooS- 
Structure, admit of tlx* ptTcolation of r.iin water to a considerable extent. 

The temperature was generally taken at about 10 a.m., a time when 1 found it to 
approximate nearest tbe diurnal mean; and, whenever practicable* at tbe depth of 
about ten feet from the surface. 

The fdlowing are the general results of many hundred observations : — 

1st. In low latitudes the temperature of the deepest wells and springs is a little 
Jiiglier tfmn tfic mean temperature of the air. Exceptions occur: for example, the 
temperature of a deep well at GMig&odr, on the banks of the Toombuddra, between 
the 15tb and 16th parallels of north latitude, at an elevation of about 1200 feet from 
the MM, was lo low ss 73^6 (the temperature of the mr in the shade, at the time.of 
observation, Sff'S), while that i^the springs and river in tbevidni^was/rom 77" to 
Ranges'of hills, attaining an altitude of 1500 feet above the plain, rose at no 
great distance t a circumstance suggesting the probability that tbe cold spring bad its 

* The obKrrations of others will he deaolld n tin eotuwi «f ■■■■lU bj tte ntBM of tb« obw m w . Th* 
Male tbnragfaoat it that of Fabukhut. 
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8001*06 at au ekvation liaviog a mean teiupcRUure lover tbm that of tlie piaiu whece 

Sad. T1iet«Bpti«feiiMofstraiiglyMllMaadsdpliiim 
Jiigber than those of pure water. 

r^rd. Both saline and cold spi ing-s are ?pm to occur within n few feet from thennal 
:\u(\ freshwater springs ; a fnct to be ascribetl probably to their rising through, 
diiiercnt seams of the subjacent strata (often highly inclined), and to the different 
depths and hdgfatt fron wMch the supply of whVet it deriyed. 

4th. Thd tcmpemtnre of wdi^ particularly those idtfa a imall avea, nndi used fsr 
porposes of irrigation, is thereby artificially increased. 

6th. The tpinpcrature of shallow exposed u eils, springs and rivers, cspociully such 
as have sandy beds, ij> subject to great diurnal ductuatiou, conforming^, though to a 
less extent, to that of the supcriocumbent atmosphere. Tlie surface water of deep 
vdb partakes of this fluctuatioa, to a depth varying aocordbig to the trsnspavency 
of the walsr, etteut of snrfoce, degree of exposora, and dearneat of the Ay* ik- 
muddy water the surface is heated to a greater extent, but a foot or two de^ is less 
aflbcted by the calorific at^tlon of the solar raj's than clear water. 

The transparent water ol a large well at Bellaiy, lot. IS" 6'N. and long. 7t>° bdf E., 
situate on a table-land elevated 1600 feet above the sea's level, and containlnf^ sixteen 
ifaet of water, I liirand, at the depth of nine ftek Ihnn the snrfoei^ to vary bat oae 
degree dnriog the <bty, from sunrise to sunset, and this in ssveral hundred experl> 
ments. The minimum, 7fl°'5, took place a little after snnrise, and the maximum, H0°'5, 
at 3 P.M. following those of the air. The diurnal variation of tiie \vatcr an incli below 
tlie sorfoce amounted to 12°. During the commencement of the dry weather, as the 
heat inereascd, the water gradoally decreased^ and the dinmal flnctoations became 
greater, and increased at a greater late than that of the decrease ctf the water. 

l^armal Sprmgt^The thermal springs, both of India, the peninsnla of Sinai and' 
Eg^pt, are, with few exceptions, either mineral or gaseous. TIiosc near the shores 
of the Red Sea arc sulphureous ; and strictly sp«ikmg, pcrliaps, should not be classed 
as thermal springs, from the great probability of their being connected with the vol« 
conic belt that passes nnder the bed of the Red Sen, and bursting up from its wateiy 
fetters appears in the semi'dormant volcano of Gebel Tecr, and In the lava* of Aden, 
beyCnd the straits of Babel-Mandel. The highest known temperature of the thermal 
springs is 102^, \ iz that of El Kasr in flie Oasis of Dakldeh ; in the peninsidaof Sinai, 
01%, that of the liiiminain Mi'isa, hot-baths of Moses (Wells of Elim ?) near Tor. It 
is probable, from reports given ine by the Arabs, that the Munun^m Phar^n, hot-baths 
of Pharaoh, aboat dgbty-five miles northerly from Tor, are of higher temperatofe. 
Hie maxironm attained by the thomal Aprlngs of India !• 104* at Jnmnotrt in Narth 
Hindostan (lat. S0° 52' N.) ; a temperature almost equivalent, at that elevation** 
10849 feet above the 'icaV levrl — to the boiling poiht of water, and 18* higher than that 
of the hottest known thermal spring of Europe unconnected with present active vol- 
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caoos, namely, 176^ Funu, thai i>f Cbandee Algues l» Anmgna. The temp«nitm« 
of the hottest known tbennal spril^p In the woM, aeoording to Autoo, is that of 
liasTUncheraB in Venezuela, stated, on the authority of Humboldt and Boussingavlt, 
to have inrrcascd 11° since 1806 to Febnmiy 1823, viz. from 195* to 206* Fahr. 
Had M. Arago .stated its cleviuion above the sea, a better comparison between its 
temperature and that of Juinnotri might have been formed. It vrouid be interesting 
to observe whether any aimUar increment of heat takei plaoe in the chain of tberanl 
springs that rise abun^tly along the great line of dislocation at the toatbem 
bate of the Himalaya chain, or whether the temperature falls, as in some thermal 
sprinj^s amon^ the East P5'renee8. It is certain that tiie majority of the springs 
strictly termed therniul, occur in India at or near lines of great faults occasioned by 
the upheaving of plutonic rocks, a fact that speaks intelligibly as to the gn^t depth 
at which the eailh*s crust hn heen broken up. 

Hot springs were found by Bunns in the salt districts of the Punjaub. In Tbiheti 
M. CsoMA DE KoROS mcntions the occurrence of hot springs between U and Ts'ang. 
They are numerous in the monntains lying e;ist from the Ma-p'-ham lake, especially 
at one place, where there is a hole out of which vapour continually i^ues, and at 
certiuo intervals, as hi loetond^ hot water Is efeeted with great ndse to Um fadght 
of twdve feet. The water of the hot springs of Assam was found by Mr. J. 
PaiNSIP to contain bitumen and sniphuretted hydrogen. One held in solutions 
portion of muriate of soda. Many other warm springs are known to occur, besides 
those mentioned in the registci-, regaixling the temperature and chemical composi- 
tion of which further information is desirable. For instance, those of Humtu^m 
Pbar^on on the cast shore of the Red Sea; of Visralihaeey forty-eight miles north of 
Bombay $ at Mohr on the Bancoot rivert about seventy4lve miles south of Bombay; 
of Soonup Deo, and Oonup Deo among the Satpoora hills in Khand^sh ; of Risbl- 
ktinda in Rninmhal; of Mnktinatb and Bhadrinath in Noilh Hindustan ; ofTo<>ee, 
near Rutteiipore on the iMiiye river, in Guzerat ; of Lawsoondra, eighteen luilei* 
W.N.VV. from Tooee ; of Uteer, about thirty miles from Poorea near Koracbi* on the 
Indus i of the diamond district at Punnah, in Bondelcund « of Oetha-gur, and Bsn- 
oassa, near tlie sources of tbe Jumna $ of Ihe rivulet of Loland Khad near the &it- 
ledges of those near the confluence of the Soar and Elgie rivers with the Ganges; 
of TnJiny known to exist in the Birman empire and Mnluyan peninsula, and of Bhutan. 
The last-mentioned springs throw up spheroids oi silex, which are brought to Al< 
morah and there sold by the native merchants for dodc shot*. These spheroids re* 
semhlc those of tbe springs of Carlsbad in Bohemia, and of the Gejmt. Tbe sliex 
composing them has doubtless been hdd in solution by the water; but it remains 
yet to be shown whether it contains, or not, that peculiar combitjation of silica and 
soda. H'hich, according to Mr. Faradav, characterizes the water of the Geyscrs-|-; a 
combination ceasing to exist when the water is evaporated : the silica being then de> 
« M'LuLAMO. t BAmaow'i Visit to Iceland, pp. 209, 211. 
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posited in an iosoluble condition, while the alkali, pi'obably by the agency of the 
caibooic add of the atinoephere, is set free, and remains dlaaolmed in the water In 
coiMideral>1e quantity. In Sontfaem India many thermal springs, hitherto entirely 

unnoticed, are suspected to occur; Colonel Sykes states that he has been informed 
of their existence in Canara : I have iiearii of one among tlie Raidiug hills in the 
Ceded districts, — in the Koondahs on the west coast, — and discovered another at the 
bate of the hilia aonth of Cnddapab having a temperature of 88^, aa noted in the re> 
gialer. A spring near Salem in South India is probably thermal, having a tempera- 
ture of 84°, aseertained for me by Mr. G. Fischer. 

Temperature of River". —Th^^ ^apposition that the temperature of rivei s is lower, 
from the influence of evaporation, radiation, and the elevation at which they rise, 
than that of the country through which they flow, appears subject to some moditica- 
tiOB ae regards great streams whose course lies chiefly through equinoctial regions. 
Many, like the Nile, derive the great bnik of their water from the rains that fidi pe- 
riodically near the equator when the sun is nearly vertical, an<I evaporation reduced 
to its miuimum from the saturated state of the atmosphere. The fiiHon waters de- 
rive adflifional heat in overs|irt ading tlie wide extent of sand and alluvium that form 
and skat tuc channels throu^ii vviacb they roll on towards the oceau i aud which, 
during great part of the year, liave bem left dry and freely exposed to the rays of a 
•corcbing son. The beds of the most oonriderable rivets of Sonih India present In 
many parts of their course, during the dry season, dreary wastes of arid sands, 
through wliich the river, reduced to a slender thread, barely finds its way to the 
sea. The mean of more tlian 200 observations, takeu day and night, on the tempe- 
rature of the Nile, in July, between Cairo and Thebes, I found to exceed the mean 
aannal temperatore of the air at Odro (73"'4) by 7^* 1 . The temperature of the river 
wna inereased, at the comihenoement of the inundation in Jane, by the freshes from 
Abysiiinia frOm /A'* to 80°-5. The obsen-ations were taken at Thebes, immediately 
preceding, and immediately after, the appearance of 'the turbid milky hue that an> 
oounces the periodical arrival of Egypt's great benefactor. 

The Ganges, though having its source amid the SHOWS of the Him^Uaya, and pur- 
ining an <^posite coarse to the MIe, that is^ a course from northerly latitudes towards 
the equator, has a mean temperature, as it approaches the ocean, higher than that of 
the country on its banks. Its mean, between Calcutta and the sea, obtained from a 
great nun)ber of observations hy Mr. G, Pkinsep, is stated not to be less than 81° 
Fahh. ' while that of Calcutta does not exceed 7B°. The Ganges, it is well known. 
Is fittle indebted to the melting of the snowa near its sources, but derives its waters 
chiefly from the periodical rains that Ml near the borders of, aqd within, the tropic^ 
between 30^ and 29? N. lat. During the inundation, its waters in the lower parts of 
Bengal are spread over n 'superficies of alluvial soil and sand, more than 100 mites in 
breadth, the trreater part of which has been parched by the droughts prevalent be- 
tween the monsoons. 

1IDCCCXI.V. e 
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Inonler tooiit^a better Un of the degfee of hwtalNotM aid nMootbf 
tleaUoTWM «r llwNib, tk« nwUsndrockKm OiebMb «C tbc nm «f Uii^I 

nade the following observatioos. 

In July lH-40. a thermometer placed on the dark alluvium, then quite dry, of the 
Nile opposite the pyramid of Mcydun at 12^ i'„m., having its bulb covered 0"! of an 
ineh witit the same aliuviutn, stood at With, and on, the sand of the desert 

Mtkevei-geof tfaeiiwiubtianliiifi,att]MSBMlioiir,Hit^ Tbetenpe- 
nture of the air at thetia^ five feel above the anr&ce of the iaA alhiTiaiir, wm 
105'*'5 : the sntne height a1)ove that of the desert, it was 103°-S ; sky unclouded. 
Although the ¥ irfuce of the saiuls during the clear serene nights of E^ypt is cooled 
considerably by radiation, still a little below the surface they retain a great p>oi-tion 
of the 8oiac heat. la July, at sunris^ the surfiEu:e of the sandy desert, on the banks 
of tike Nile al Tbebes, lat. tt"* aoTN., wU«h dorimg the biat af th* dqrhiiicatad 
a teniperalare of 194^, had eooled down to 60^5^ while the thernomeier a iwt Mnv 
the surfhee stood at. 93^ t tempcratore of the air 75°. 

The teuiperature of the granite rocks in the beds of the Toooibnd<lra and the 
Kistnah, (hiring- the months of May and June, at 2 p.m., I found from 118" to 120": 
doi'lng the night they cooled duu'ri usually to 83*^. The temperature of the surtace 

aaade >b these rifers was slightly higher than that of the gianite, 

Hm lenimatQce of rlrers whoae ioi»pty» Uke those in Sooth India, dependar aiore 
oa the periodicid rains than on spriogSy is eonaeqaently iafiaenoed the tempcffa- 
tiue of the fimner. That of the monsoon showers, which fell on the western coast 

near Man»alore duririir the months of May and Jane, varied from 73" to 7^^, nflfocd- 
ing a mean of 7<>". i rains falling on the elevated table-hind of the t eded districts, 
from J u ue to December, ranged from 7 i°'5 to 79°'^> giving the mean 75°'6. The mean 
general height of the phiin, between lal. 13" and 17° N., Is I90afMt above the aea** 
levcL The tenpeiatare of the showers was invariably modiied by the oonditioas 
affecting that of rain water in extra- tropical countries, namely, the elevation at wUdi 
condensed, and the temperalnre of the atmospheric strata through which theshowcn 
feU. 

The temperature of the iirahmapiitra iivci at hadya in Assam, was found in 
September by Mr. GatmraM to range from 6a^ to 70^* That of the tir abov« the 
river,, from 68^ to 100". That of the ladao* by GansBO, in Blandv near Atlodi^ 

was .32°. 

Trrnjin-fiftirr of fhr QceOHOtl the Equatnr nnd behcetnthe 7\opics. — The infliii iice of 
the trutle-wiiids, cold currents from high latitudes, frequent showers, evaporation, 
buc^ contribute to cool the air and surface of the ocean at the equator. The exi- 
tnsmce of the tempentare of the hitter, at great dances from land, barve been 
pretty correctly stated by M.AiAflo at OOP'S aad 64^. On erassing the Hne hi the 
Atlantic Ocean (in long. 20°'7 W.) I found the temperature of the sea 84°'5 ; air in the 
shade, : in the Indian Ocean (long. 58*^54 £.) 81*^5 % air in the sfaadeOO^Sv la the 
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MMOoeaM, MarliielMiil,«Bd in MmMr «ai^ «te mige hitaim the actraaMBis 
mwA greater thim 8°'4. In tbe Red Sea, from tim Stnitt «f SAdaMBddto 4te 

tro|MC of Cancer, I foaiid it, in the month of May, to be 6^ viz. fvom 82" to 68^; and 
in the Indian Ocean, from laL 12° to J9^ so much as 8°-5, viz. from 78° to fi7*'iu 
la the StOLits of MiUacca, ia laL 2" it raug;ed from BO' to 83°-2. 

QmWQumputM of diewBil OOMt of India (when lS3i inches of nua Mis duiins tbe 
jfwr), daring the aMiuimi, the •arftm <»rtbe sea eoMidflrabljr coaled hjr the tnAm 
from tbe lumerous rivers and streamlets that deeeaul ie&m tht haibf inoaataiM of 
tbe GhauU. OiF llonitver, lat. U° 16' N., the temperatare «f (be sea darang ilm 
dry season was Sa° j. During the monsoon it fell to 79**; a*'enige temperature of 
■aia water at the time, 7i>°'7% of livers, 'J^''" Vvom its ioletior s{>ecific gravity, the 
fiwb iiMid4f Mater ham the hilb iieata «a Ihe eadhee ef Cl» na to onaniilrniMB 
diilBaoee» vkhoat teiag tatoatdgr bMed. b Ihe d^ «f the laoaeeaa, mem 
Mangaloic^ fa I£30, the watirwae •bsen-ed to be nearly fresh a mile off the coast;- 
and I Lave seen tl>e Meiliterranean di*jcoloured by the turbid inundatiea af the Nile 
toa distance of nearly forty miles fixjm the Daitiietta eiiilM>ucliuie. 

Mtan Ten^eraimre m India. — Cuiooei &vkes, in his statistics of tlie Deucao, has 

dwiSet the tnhle land of ladie, aaaMty^aiet it ie aJSlSy^ t£aieaa 

fior tbe same places, calealaled agreeably to Maves's formnla. To the intiaaces lie 
has cited of this fact, of places on the plateau of tbe Deocm, aay Ik added the lot 
lowii^, ocdirriog oa tbe table-Jaad of ikmtb India. 
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Amoag the piiacipal u a u eai of thb dM hwjn tla l he i gi it^ t eeife i a ta i a ,— ndilfaanee 
nm reawdcabk trinn eeoiiawad wilh titt indiealiens aflhffdri 
■rin of Baawsma, D'AuBUisBON andAmmoK, — may be emunerated the pfaysical 

aspect and extent of the elcA-ated plains on which these places stand, — the rapidity 
Math which the <lt-aiiiaf»-e water passes (»lf, and consequent little evnjioratitjn, — the 
coaipanitiyely flat, or geatly undubiting surfi&oe, — its bareness of vcgctatiou iiurin^ 
gRHt pert of the jpear^— 410 noaOnflaeHDO of akennrtioiieartoiMl wd eeateeeaes, by 
vkieh plaoeeMar tbe aea aro oodkdr-the farlial iailawiiw af Urn wtamma and 
tteaafirneat of rain^ — tbe &T«arable ooaditions of the atmosphere for irradiation, tuid 
tbe capacity of the soil for in)bibing and griving ont the solar beat. Tbe tempenitnrc 
of the granitic soil in the vicinity of Bcllary, at 2 p.m., in May, reached 121°? that of 
tbe B^gnr, or black soil, 122°-5 : tbe temperature of tbe air in the shade, 9a'^i : at 
midnight the temperatare of theUaokaottiraa etill «e high ae 80*; teaifeiitane aflhe 

82 
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80*. That of a bare rock of granite, the lame locaUty, at 2 p.m., vat lOXf-b ; of Mack 

basaltic rock 122°. The temperatuic of the granite at mrdaight was 86^*5. Both 
Bellary and Hydrabad are situated undei- the shade altnost of bare gt-anltic masses, 
in the midst of plains covered with slieets of the granitic and bhick if-^rnr soil*? imt 
alluded to, whose almost treeless extent daring the hot months is shrunk up and in- 
tersected by deep and countless fittures. The climate of the fomier »tatk»n is nearly 
as dry as that of E^pt. Id 1 838 only 1 1'SS inches of rain fell daring the jear. The 
atmoepfaere is ramarkable for transparency and freedom from cloods. The fongoing 
views appear to be strengthened by -the fact, that the observed mean teinperatore of 
the elevated stations of Ootacamund (7221 feet above the sea's levrl\ MercJira 
( l.OdO feet), and Candy in Ceylon (1680 feet), arc lotcer than their calculated mean 
temperatures. I'lie calculated mean of Ootacaatund is 61^ 64, observed mean d5°'8; 
of Merctfm 68^09, obeer?ed mean 06^58 ; and of Caady ftP'&S, observed mean 73^3, 
'Nov all these plaoes are tnmmnded by an inr^htf sarfoce of bill and valley, 
genwally clothed with eternal forest, presenting an extensive radiating and evapo- 
i-ntintr surface, and shading the drainage of heavy monsoons that lingers in their 
swanipy hollows. The luunidity of the atmosphere at these stations is very great; 
at Merciira, daring nearly half the year, its hygrometric condition closely approaches 
saturation. Hence, fiivonred by the altentatioas of tend and sea breescs, even does 
to the 8ea*B level, the low temperatures of some plaoes near the equator, via. Snga- 
pore,1at. IS'N., mean temperature 80^7 > Malacca, lat. 2° 14' N., mean tempe- 
rature 80°-4 ; Penang, lat. S^N., mean temperature 80'' o ; Province Wellesley, lat. 
5° 20* N., mean temperature 7^°'^- Phe monsoons are di«Trilnited over these forest- 
clad regions of the equator in an almost daily succession of refreshing showers 
throughout the year. Mmj not the vital functions of the plants, covering large tracts 
of country, particnlariy those concerned in thdr inspiration and nntrition, exert an 
Inflnenoe in cooling over-heated states of the atmosphere ? 

It may be further stated, in corroboration of the high temperature of table-lands 
being mainly produced by the causes referred to above, that the temperature of 
isolated peaks and summits of ridges, rising with a rapid ascent and confined super- 
ficies from their elevated level, appears to diminish m a greater ratio than 1"^ Famr. 
for every 862 feet of ascent » when, perhapt^ that of the aggregate height from the 
sea's level is in strict accordance mth this rule. The mean of a month's obsttva- 
tions by Lieut. CASiniUi, at the summit and base of the rock of Raya-CoCtah on 
the table-land of Mysore, above which it is elevated 500 feet, gave a dp( rease of fem- 
peniture amounting to .,' 35. The diurnal mean difference between the temperature 
of the summit of a mountain on the table-land of Bellary, and that of the plain at 
lis base, I found so great as 7^6 for the 1600 feet of elevation vhlcb separates tkem. 
This table-land has a mean temperature of nearly 4^6 above its calculated mean. 
The diiference of tempentare of two wells, one at the summit < f M nint Sinai, and 
the other 2000 feet below, araonntff! to 6° a result closely approxioiatingtliat of the 
comparative observations at Geneva and St. Bernard. 
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The bigbctt kmnm mean tempeiatare of any phee hn India ii that of Pondicherry, 
vliicbi tiMNtgh this dty stands only a little mere than a dcipree to the aonth of Mndrasy 

is stated to reach 86"-28. That of Madras, in lat. 13° 6' N., is B0°'42, and of Co- 
lumbo, more than 6" nearer the equator than Pondicherry, only 80*75. I am not 
aware that any reason has been assigned for this extraordinarily high mean teni- 
peratare ; the lower temperature of some wells in the vicinity of Pondicherry leads 
me to donbt its oorrectacia. . 

' BovssmoAinur's Mode i^meaimmng the Mem Tmpavture ^ 1\ropic^ €bmlrie$,'^ 

An expeditious mode for ascertaining the approximate mean temperature of equinoc- 
tial rffrions has been proposed by M. Boussingault, and recommended to travellprs, 
on occasions where time and opportunity do not admit of the usual means. I hardly 
need remark, that tills method is grounded on the hypothesis, that between the 
tropice tbe temperature of the earth** crost is constant at the depth of about « tooi 
(one-third of a metre) beneath its sui-racc, and consists in rinking a theismometer in 
the soil perforated to this depth, under sheds, huts of natives, or other spots sheltered 
from direct warmth produced by absor|)tion of the solai' heat, from nocturnal radia- 
tion, and from the iuiiUration of rain water. The result of my own experimeats in 
India indicates that the soil at the dqptb of n f^ot is snliiject to an annual, and, in 
light seilSk to a diurnal flnetnation, varying according to the intensity of tbe Bnn*s 
rays on the soil surrounding the sheltered spots where the experiments were con* 
ducted ; and radiation modified by the dry and open, moist and close nature of the 
soil. During cloudy weather these fluctuations were consequently found at their 
minimum. The maximum ot diurnal tluctuaiion observed was at Bellary, on tbe 
centre of the table-land of peninsnlar In<fia» in lat. 16" 6'N., and 1000 feet above 
the sea's level ; mean tempenture about flO^S. The experiments were made in the 
hot month of May, sky unclouded; the soil was reddish and light in ti xtini?, and 
completely sheltered by a thatched roof. Every precaution enjoined by M. JBoussm- 
OAULT was carefully attended to, and fresh holes bored every day. 
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8Q''» Ite disiail Aactuation amounted to oolj I'^'S in doady veadier. At Mangalap^ 
om the same coast, l;it. N. \ 2'^ 53', it ainoontetl on a clear day To 2'^75. The last cx- 
periuMfit u'as mxide, at my iiequest, by my frieud Mr. B. G. Machice, Mndras Medical 
Service. 1 n stiff clayey smU, at tbe of four &et fiy>m the surface, atid sheltered 
to the dtstanoe of six yards radiut froat the •poifWi^Mtrted, the tempecBtare fluctuated 
bat little and gaje a tolerably correct mean of the air. !■ fight sBBiij soilsaipMnber 
defth^MoeM»f« and at aM Uma it i« adweaUe to elwerro the Unfnmtwn 9iit» 
perforation in the soil at the coldest and hottest periods of the day, which, with am. 
unclonfif»H e^jy. will })C found occur at, or inst before, sunrisft, and front 2 to 3 p.!*. 
Such observations sliould, jI pofiisilik?, be coiiipiired with the temperature of a spring" 
or well of modetate de}>th, at from six to ten feet l>elo«¥ the surfa.ce, beariag in mind 
«kit iiaf almdy beek atated reganUiig the cama aShcting the tempemtane of iivllc 
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Coinpurutive Register of the Temperature of the Air (in the shade) and of the Sea, froui 
Bombay to Sues. The indicaiions of thermometer are ail|jneted to thoee given by 
the standard of the Royal Socie^. 
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Memoranda sopplied by the kindncsi <if a friend from the register kept on hoard the 
Hononrable East India Company's Steamer Cleopatra, from Bombay to Sues. 
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N.B. The latitude and longitude have been omitted in the above registv; bat 
after making allowanoe for th4 more rapid mn of the Cleopatra than tliat of the 
vessel in which I left India, and calculating from Bombay to the Stndts of Babel- 
niandel, and thence to Suez, an approximation may be made to the vessel's situation 
at the time of taking the observations. The indications could not be adjusted to the 
standard thermometer of the Society. 
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Note m ike Thenml Springs of the Penuunda of India. 

Since my arrival here tny friend Mr. Malcoimmim has put into my hands the first 
volume of the Bombay Medical and Physical Transactions, where I find, p. a&T> a few 
notes on the thermal springs in the Konkan, by A. Duncan, Esq. The geographical 
distribution of these springs corroborates the remark in my paper under the fiead of 
thermal springs, viz. " that the majority of the springs termed thermal occur in India 
at or near lines of great foults." The thermal springs mentioned by Mr. Duncan lie 
at the base of the Western Gbant elevation, intermediate between the moanti^De and 
the sea, generally from shcteen to twenty-four miles, or thereabout, inland from the 
latter. The line of springs folioivs pretty nearly that of the mountains, viz. nearly 
north and south, and extends from the vicinity of Sur^t, or about 21^* N. lat. to South 
Rajapore: they are supposed to exist still further sonth, following^ at irregular inter- 
vals the line of West Ghauts to Ceylon. Not less than twelve are known to exist 
between Dasgaun and South Rajapore, viz. — 

I atOonale in thetaiuk of l^iadroog. 

8 in the Rutnaghirry taink, at Rajwaree, Tooril and Songmairy. 

1 at Arowlee in the Konedree taluk. 

1 at Mat, Hatkumbce Mahal. 

1 at Oouale, in the Natoe Palivan Mahal, Severndroog. 
3 at Oonalc, Jaflfrabad Mahal. 
I at Savi, in the Ilygbur taluk, Bhar Nergannah, 
I at Oonals^ Sankse taluk, Mahal Pslee. 

13 totaL 

Oonale is the native term for a hot sprinjp. The temperatare of all the springs 
examined exceeded, with a ringle exception, 100^ Fahr., and amounted to 1 09°. That 
of Tooril, which unfortunately was not therroometrically ascertained, appeared to Mr. 
Duncan to be almost nt thr hoiling'-point. The water was not found to be mineral, 
though impregnaleti with sulphuretted hydrogen. A little higher up, on the hill 
where the thermal spring No. I occurs, is a singular intermittent cold spring, over 
which a temple has been built. It is resorted to by crowds of Hindus during the 
season when the fountain periodically flows, viz. daring the hot months. A more 
minute analysis of the water, and a more continued series of tbermometrie observa- 
tions, are a great desideratum. 

The temperature uf a hut spring of Ouoye iu the jungle between Bansdu and ii cIuh i t 
is asserted by the Brahmins to diminish annually at the time of the full moon in Apnl, 
SO as to admit of persons bathing in it at this p«4od, when the natives assemble there 
In grsat numbers for that pnrpose. This assertiim was contradicted by the late 
Dr. Wbitr, but tbe question, I sec, has again been raised by the observations of 
Mr. J. S. Law, of the f 'ivil Service, who found the temperature of the hottest part 
of the i»pring to have diminished at this period from 1^4^ to 94° Fahr. It is probable 
however that future observations on this supposed singular annual variation will set 
the matter at rest. 

Bombay. July 15. IStt. 

t2 
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III. r/n ./rcnunf of Newton's Ditil presented to tlie lioi/nl S'ocieh/ by the Rev. 
Chaklf.s 'I'uRN'oR, >n ti Ifftcf addressed to the Makquis of Northampton, Pres. 
Ka., HfC. By ihe Rev. (Juarles Turnor, F.R,S. Communicated by the President. 

Received May 23. 1844,— Head June 13, 1844. 

Mv Lord, 

Your Lordjiliip liiiving been plL';i>e(l to expressS a wish to Captain S.mvth tliat I 
should furnish a detailed «e*;ouiit of tlio Newtonian Dial which 1 have liad the 
honour of presenting to the Royal Society, I beg to submit to your Lordship the fol- 
lowing particulara. The dial waa taken down in the early part of the pment year 
from the south wall of the Manor House at Woolsthorpe*, a hamlet to O>lsterworth 
in the county of Lincoln, the birthplace of Nkwton. 

The bouse is bnllt of stone, and tlie dial, now in the possession of the Royal S»>- 
ciety, was marked on a large stone in tiie bouth wall at the angle of the building', 
and about six feet from the ground, and which was reduced to it» present dimensions 
for the convenience of carriage. The name of Nbwton, mth the exception of the 
first two letters, which bare been obliterated by the hand of time, will» on close in- 
spection, appear to have been inscribed under the dial in rude and capital letters. 
There is also another dial marked on the wall, smaller than the former, and not 
in such good preservation. The above are the only dials about the house which 1 
have been able to discover, nor can I find by inquiry on the spot that more ever 
existed, though some of Nswton*s biographers assert that there were eevera]. An 
opinion has always prevailed that the dials now in being were executed by NRWT(»ii*i 
own hand when a boy, which appears probable from the well-known fact, that at a 
veiy early period of his life he discovered a genius: for mcchaniral rontrivanees, 
evinced more particularly by the construction of a windmill of his own invention, 
and a clock to go by water applied to its machinery. ' Finding, however, this latter 
contrivance (however ingenious) to foil in keeping accurate time. It Is not improbable, 
that with a view to secure that object, he formed wltli his own hands the two dials in 
question; and very probably the dial now remaining in the wall of the house, from 
its inferiority in point of construction to that no«' in the possession of the Royal 
Society, was his first attempt in <^iial-niuking. The gnomons of these dials have un- 
fortunately ili&appeared many years, but as they are described in some of the printed 

* S«» Woodent is the vesH pige. 
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Moonti u ekmujf peilbniiaiiceB, it may be oonolmied thtt thqr wtrt not the work 
of a professed mechanic, but were probably formed and applied by Nnwrcm blmwlf 

when he constructed the dials. 

I trust your I.«)rdship will allow me to express the high satisfaction I feel in seeing 
this very interesting relic in the possession of that Society of which Newton was 
•o distinguisbed an ornament, and over wblcb he presided more tban twenty yean. 

I must Im^ your Lordship*a permission to add, that for the gratlflcation which I ex. 
perience on this occasion, I am greatly indelited to my nephew, Christopher Turnob, 
Esq., of Stoke, Rochforrl, to whom the iiianor-house and landed property of Newton 
now belong, and who not only permitted, but kindly encouraged me to oHcr this 
valuable relic to that Society, which he, as well as myself, consider as its littciit and 
most appropriate depository. 

I have the honour to be, my Lord, 

Your Lordship's obedient hnmble Servant, 

^ BuUdmg*, Ck^mkam, Chabus Tvaiioa. 

JIfey 34, 1844. 




MANOR-HOUSE, WOOLSTHORPK; 
Tu mKTM^rLMi or 

SIR ISAAC NXWTON. P.R.S., 

•HOWINO TM« lOLAK DIAtS WUCB M MJM WHIM A BOT. 
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IV. 'AftopipiUTa, No. I. — On a Case »f Svpctjidnl Colour presented by o he m o ge neoi u 
liquid internally colourUts. Sir John Frbdericx Willum Hsmcbil^ Bart,, 

Rmifed Jaminy 36» lM6,^Rnd Fdmufjr 1«. 1045. 

A CERTAIN variety of fluor spar, of a green colour, froiii Alston Moor, is well 
known to mineralogists by its curious proi>erty of exhibiting a superficial colour, 
diflTering much from its traosniitted tint, being a fine blue of a peculiar and delicate 
aspect like the bloom on a plam, and like that Idoom might perhaps be referred to 
a peculiar texture of the sorface, the reflttlt of crystallization, were it not that it 
appears eqTi on a surface artificially cut and polished. Glasses also are manafiic- 
tared whi< li. 1 y tlie aj^ency of a delicate superficial filni, consititing apparently of a 
dull greeu-culuured powder, and reflecting (or rather dispersing) a green light, ex- 
hibit a brownish red tint by transmission; chloride of sulphur, and the infusion of 
lignnm nepbritionm are partienlarised in some books as exhibiting different cokniis 
by transmitted and reflected light. As respects the chloride of sulphur, the state- 
ment is incorrect, and has originated in a misapprehension of its scale of absorbent 
action, whi^^h (as is the case with many dichromatic media) causes its hue to change 
from green to red by mere increase of thickness. In the infusion of lignum nephri> 
ticum, and in one other liutanoe which has occurred to my notice, Uie reflected tint 
arises from suspended particles too minute, or too nearly of the spedfic gravity of the 
liquid, to be separated by subtndence*, the transmitted colour being that of the trans- 
parent liquid in which they float, and the particles themselves being opake. 

The case which I am about to descrihe is not precisely parallel to any of tliese, 
though fur more striking tlian either. That of the fluor spar pi*e8ent& the closest 
analogy to it, though from what we know of the impracticability of obliletating the 
internal stmctore of mother-of*pearl by any artificial polish, the difference between 
the solid and fluid states of aggr^ation precludes any aigument from that pheno- 
menon to the one in qtiestion. 

The sulphate of quinine is well known to be of extremely sparing solubility in 
water. It is Jiowever easily and copiously soluble in tartaric acid. Equal weights of 
the sulphate and of crystallised tartaric acld-f*, rubbed up together with addition of 
a very little water, dissolve entirely and immedmtely. It Is this sidntiim, latgely 
dilated, which eahibita the optical phenomenon in question. Though perfectly trans> 

♦ I write fimm recollection of an exp<^mcnt madp nearly twenty years ncn, and which I cannot rqiMt for 
want of a spedmeQ of the wood. I think the fiUtnd li<}uid did not exhibit the double colour. 
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parent and colourieas when Md between the eye and the Ugh^ er a wlnte object, it 

yet exhibits in certain aspects, and under certain incidences of the light, an extremdy 
vivid and beautiful celestial blue colour, which, from the circamstancf's of its occur- 
rence, H'onid seem to originate in tliose strata which the Hg^ht first penetrates in 
entering the liquid, and which, if nut litrictly buperficial, at least exert their peculiar 
power of analysing the incident rays and dispersing those which compose the tint in 
question, only throngh a very small depth within the medinm. 

To see the colour in question to advantage, all that is requisite is to <IIssolve the 
two inirredionts almvf mentioned in equal proportions, in about a hundred times 
tlieii joint weiglit ot water, and having filtered the suiiition, pour it into a tall narrow 
cylindticul glass vessel or test tube, which is to be set upright on a dark-coloured 
substance before an open window exposed to strong daylight or sunshine, but with 
no cross lights, or any strong reflected light from behind. If we look down perpen- 
dicularly into the vessel so that the visual ray shall graze the internal surface of the 
glass ttu-oujrh i» prcar |virt <»! its deptli, the whoh" of that giirfuce of the liquid oti 
wiiich tiie light tirst i>tnkes w ill appear of a lively blue, whicli as the situation of the 
eye changes is either fure-sburtened into a vivid coacave gleam, or opens oat into a 
|Mder and broader band, as the visual line is more or less oblique to the glass snr&ce. 

If the liquid be poured out into another vessel, the descending stream gleams In- 
ternally from all its undulating inequalities with the same lively yet delicate blue 
colour, thus clearly demonstrating that contact with a denser medium has no share 
111 producing this singular phenomenon. 

l^he thiniMWt film of the liquid seems quite as eflbelhre in producing this superficial 
colour as a considerable thickness. For instance, If in ponring it from one glass into 
another, it be made to trickle down the internal surface of the receiving glass towards 
the licht. or if instead of rallfii"; in drops from n filtei , tlic etui of the funnel be made 
to toncli the internal sm laee of tlie vessel well -moistened, so as to spread the de- 
scending blrcuni over an extensive surface, the intensity of the colour is such that it 
is almost impossible to avoid supposing that we have a highly coloured liquid under 
our view. 

IJy candlelight the gleam is less vivid, and verf^c; iriore to violet. Analysed by a 
prism the red rays arc fottnd ro l)e almost t-ntirely absent. No si^'iis of polarization 
were perceived in it, on vicwiug it through a tourmaline plate turned round ia its 
own plane. 

As this phenomenon in all its circumstances is (so far as I am aware) unique in 
physical optics, I have thought no apoli^ necessary for simply describing, without 

attempting to pursue it further, which present circumstances do not permit. It 
would be interesting to know whether the property in question is characteristic of 
quinine, oi' is parti(.i])a(ed in by einrhoiiini', salii ine, or any of the other vegetable 
alkaloids, which 1 have not been hIjIc to decide for want of specimens. 

J. F. W. UaHSCHBib 

Colliiigwood, Jan. 2a, 1815. 
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RaMirad Fefanaiy SO. 1845. 

PJ5.— Having been obligingly fuvonred by Profiesgof Daniell with ipodiiieiis of 
very pure cinchunine and salicinc, I am enabled to state that they do not possess in 
the smallest appreciable degree the carious property above shown to belong to qui- 
nine. 

As regards the latter alkaloid, all the acids I have tried appear to prodnoe the 
same dRBct, though not alt in an equal degree. The muriatic seems least elBcacioas ; 
the sulphuric and acetic decidedly the most so. The intensity of the superficial 
colour produced when either of the latter acids (very dilute) is used, is really sur- 
prising. 

Only acid solutions succeed. After precipitating by excess of potash a solution of 
quinine, the liquid filtered was very bitter, and of couriae contuiued quinine. It 
however exhihited no tiace of superficial colour ; but cm dropping powdered tartaric 
acid into the test glass the blue colour was instantly developed, and seen to foltov 
the course of the descending acid. 

J.F.W.H. 

Feb. 16, 1845. 
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V. *Aft6p^vn, No. II.— On the EfApdUc Dispersion of U^jki, being a SuppiemtM io m 
paper entitled, " On a Case of Superficial Cohttr presented by a hnmogenants 
Bqvid interwttfy colmtrleM." BifSirJ, F. W. Hsxschbi., Bart,, iLIL,FJLS^^c 

ftMured Much 6.— RMd Afirl 3. 1845. 

In rwidiiing- on tlie peculiar coloared dispersion operated on a portion of a beam 
of white light iutrotnitted into a solution of sulptiate o£ quinine, it occurred to me 
M a SDbgwC wdl worthy of mqatrr wliethtt the nys m Mlected for di^rrioil 
Md thus angvlarly Mpumled from Ibe rest, were (KatingiiiBhed by any otber pecu- 
Uerity : whether in effect an arndgMs of the iaddeot light into two distinct specise 
^<i'//faf;t'«fy different had been performed, or merely a simple subdivision, each OS 
takes place, for instance, in partial redexioo, as in the phenomena of the colours of 
thin plates. Another interesting^ subject of inquiry presents itself in the laws which 
regulate this singnlar mode of dispecrion itedfj widch, for brevity, I eball veotare to 
call (at Imt pionnonally) epipUBe, bom hnwtiki, •mf/dee, the ant of the diap e w lon 
being at or very near tiie intromitting' surface. 

As regards the question of analysis, two inode^ of e.\-nmination present them- 
sdveSjViz. either,^ — 1, by subjecting the dispersed portion of the light to experiment;, 
or» 2, the residual portioD, wldcb, having escaped dispersion, preaerrea tiM unity of its 
d&edlon ; and on that account, us well as by reaaon of its rdatlj auperior IntsMity, 
*oAers itself more readily to experimental inquiry. 

The colour of tlie disperset! portion being blue, that of the residual beam ong^ht, 
of course, to veige towards orange. But owing to the large excess of undeconr- 
posed white light present, this tendency is in^ipreciable ; and the i-^ularly traos- 
mittod beam ia not to be diadngwhedhy the ^ from white light Another reusoa 
li^ thM aome porUon of the dispersed nooeasarily mingks with the reguhurij trana- 
mitted beam, the medium being equally permeable to both ; so that in viewing an 
extensive white surface (the cloudy sky for instance, or a piece of white paper), the 
regularly transmitted ray reaching the eye in any given direction, that is, from any 
one point iu the luminous surface, has, intermingled with it, a dispersed ray from 
every other pdnt of that aurftce, the 4otality of arhich goes to restore to it aome 
fltttefial portion <rf the blue light which it lost by dispersion at its intromission. 

In the ordinary production of colour in liquids by absorption of the comple- 
mentary tint, the smallest preference of one over the other coloured rays may be 
' maguiiied aud brought into evidence as a cause of coloration by increasing the 
thickness of the transmitting medium, or by passing the light soocessively through 

v2 
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ntany TMads filled with it. Aecordingly it might be supposed tliat by pasdag tlie 
flame iecident beam snooenively tbrongh many such diiperaive SttrftOBB, the whole 

of the blue rays would at length be separated from it, and an orange, or red residual 
beam be left. But tliis is not the case, the reason of which is to be found in a wrf 
remarkable peculiarity in the transmitted light, which may be thus announced. 

j4n epipolized beam of light (meaning thereby a beam which has been once trans- 
mitted through a qulniferottfl aolntion and undergone it* dispersing action) is inuH 
pdMe qf/iittker widergmng tf^fcUe duperdon. 

In proof of this, the following experiments may be adduced. 

Exp. 1. A glass jar being filled with a qniniferons solution*, a piece of plate-glass 
was immereed in it vertically, so as to be entirely covered and to present one face 
directly to the incident light. In this situation, when viewed by an eye almost per- 
pendicafauiy over tl;» so as to gnuM either snrfiwe very obliqnely, nettber the antorior 
nor posterior fine showed the slightest traoe of epipolio oohnir. Now the ]ight» at 
its ^ress jrom the immersed glass, entered the liqonl nnder precisely the same dr> 
* cumstances as that which, when traversing the anterior snrface of the glass jar, nn- 
dei-went epipolic dispersion on first entering the liqnid. It had therefon* lost a pro- 
perty which it originally possessed, and could not therefore be considered, qualita- 
ihefy, the same light. 

Exp. S. The epipolic tint is developed only on the snr&ce of inddeaoe. When 
the solution is exposed to light In a glass vessd, the posterior snrboe, whether viewed 
internally or externally, is quite colourless. Here agldn, since Ingress and ^;re8S 
into and out of a medium are, optically !;peaking, convertible, a ftuUHaiive tmafym 
at the surface of incidence wonld appear to be indicated. 

Exp. 3. A test cylinder filled to the height of two or three inches with the so- 
lution was set upright on black velvet, Its bottom bring also shaded to the depth of 
half an indi (to prevent reflected light from the bottom from reaching tlie eye)* 
The epipolic tint bring now fully developed, a hollow parallelopiped of plate glass, 
filled with the same solution, M-n'; interpo<^P(l between the test cylinder and tlie inci- 
dent light, side light being at the same time obstrurt«'d by screens duly placed. 
Immediately the epipolic colour in the interior of the cylinder vanished altogether. 
The transmitting vessel was now emptied of its contents and filled with pore water, 

* The Mulutioa here used and subaequcntly refeircd to (except whea otberwise eaipreBtcd) ia formed by add. 
log to Mdiilrarie add, dOuted to meh in ataitt m jut to Iwv bdof kwiUowed witfwnt p«B,dM«t cne two- 
hundredth part of its weight, (the weight, i. e. of the dUuted acid) of sulphate of quinine. When of this strength 
It is difficult to helieve that a bottle half-filled with it contains a ooloailess liquid. When shaken, it time* 
the glass vividly bine: lively blue gleams are reltected from the interior, and fiom the capillary ring ittte 
Mnfiwe ]«veL &e. I wtf antioo tiiat in one inHaaoe a rase.cdo«rcd MintiiNi was formed, which I have 
never been able to reproduce. The ingredients were taken from the rtry enme parcels which gave the usu»l 
colourlcaa aolution, and the nixture made in the identical vetscl which had just recently served for the same 
ckperiawBtii, rndwUch lud notefen Iwen wished, and ten wbieli t oolaariewaaklina iMid JafltbecBemjilkd. 
If onring to wy Ibif^ iigNdkDt isddanldfy imeut. Iba ^pwDl*^ 
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flmm which its former oontento were in no way difltingnithable by an ^ sitnated 
bebiiid it. Being then replaced as before, so aa to interoept the light incident on 

the test cylinder, the epipolic colour was produced^ exactly as if nothing bad been 
interposed; a tntlin!r ditfctcnce of intensity only excepted, which aroae from the 
glass used not being wtiolly devoid of colour. 

Exp. 4. This experiment was varied so as to present a reealt disengaged from this 
alight looroe of oneert^nty* and perfectly dedaive. A tqrlindrical jar was coated exter- 
nally with black paper round threfr-fourths of its circumference, as was also its bottom, 
and a ring of the same paper was carried round the cylinder at the bottom so as to cut 
off light from being internally reflected on its base. In it was set upright a tesft (■}'Iinder 
of the solution, and the jar was then filled with pure water rising considerably above 
the aolntion in the cylinder. When expoeed to light as usoal, the epipolic tint was 
finely seen. Bat on emp^hig out tlie water, and introducing in ha atead an equal 
qoandty of the quiniferous solution, the tint in question was completely destroyed, 
•whftber thr surface of the cylinder was viewed from within or from witfiont, proving 
eviiiently that no rays susceptible of e(»ipolic dispersion had reached its surface. 
This result was rendered the more remarkable by uneff<K:t of contrast. The external^ 
upper portion of the cylinder, above ita liquid contenta, but bdow the levd of liie 
liquid in the jar, reflected to the eye (or rather the air within it refleeted) a pretty 
strong blue gleam, being no other than the epipolically dispersed light of the anterior 
surface of the liquid in the jar; while all below (being glass in contact with the 
liquid on both sides and so deprived of reflective power on both surfaces) was com* 
pietely dark and almost invisible. 

When the hiterior test cylinder was aloped backwards from the incident light at 
on angle of about 70^ to tlia horiion, a beantifnl and instructive feature was deve- 
loped. In this situation of things, the interior liqnid being as usual the quinine solu- 
tion, and the exterior prire ^^^ater ; to an eye perpendicularly over the surface, the whole 
anterior portion of the cylinder from below upwards to the surface of the interior liqnid, 
appeared coated as it were internally with a most delicate and beautiful blue film of 
extreme tenuity and perftet transparency, presenting a singuhur ghost-like iq>peaiv 
anc^ easier produced than described. This being seen through the cylinder, by an 
eye situated externally to its prolongation, affords a proof that the epipolic dispersion 
takes place in all directions : but except in this mode of viewiuff it the rays dispersed 
outwards cannot reach the eye, or not in abundance (for which a very oblique inci- 
dence is required), being at such an incidence internally and totally reflected by the 
outer snrfhce of the gfaus. To see this toadvantage an q^tnbe huternally blackened 
^onld be used to guard the eye from extraneous light. Such a tube indeed is ge- 
neniUy advantageotis in all these experiments. 

If, ipetend of water, the test cylinder be jilmiirtd into n solution of quinine, all 
else reniuining as before, the blue film in question totuUy disappears. I tried a great 
many other liquids, all in Act which 1 had at hand in sufficient quantity and colour- 
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. less, or bttC little mrfonred, ia kofea of diaooverii^ wmMi^ whidi might dMidiM 
tlw (Hrii^eol. Strong atcolml, tolatian of corvMive aubliiiwlo, snmottia, &c. teted m 

water ; allowing^ the blue film to be seen extetTially at a peqiendicDlar iocidence of 
the visnal ray to tlie surface of the liquid. With strong snlphnrie »cid, and with 
muriute of lime so conceiUmtetl as to Uj syrupy, this was not possible, but the film 
became visible, and of its full intensity, on moving the eye for ward (i. e. towards the 
indctent light). When sulphate of mmguwie was vied, ilsdcfieate polo roio-eo^ 
loor no way pieranted a fine onhibitMHi of llw Uoo film (a point to which I diaU haTi 
ocoHion to revert). On the other hand, the lemon yellow-eoloar of nitrate of ara^ 
Tiium (a much fuller tint) materially enfeebled, though it did not prevent tfif forma- 
tion of the film. This last effect did however appear to be pr o lu 'c l [.y rwo liijuicis, 
vu. pyi-oxylic spirit iu a stnull degree, and <h1 of turpeuline in a inucii greutcr ; the 
effect in tbie case'iieing very obvioatly much more than ooutd justly be attributed to 
a trifling tinge of yellow in tbe oil (wliicb was not fceab), m I catitfied myself by a 
comparative experiment with water pu^NMely eoloared to a similar tint of greater 
intensity. Neither of tiiese liijuids however was found on trial in the test cylinder, 
or otherwise, to pf>ssess in the smallest degi-ee the propwty of epipoUc dispersion; 
uoi' tiuve I found any other liquid wliich does so. 

Exp. 5. Among solids tbe only one I am acquainted with possessed of a simi- 
lar property, is the green 6nor of Alston Moor, whieh exhibiis by superfieiil 

dispersion a fine deep blue colour, very different from the inherent or absorptive 
colour of the mineral. Tins is strictly an cpipolic tint, as the following experiment 
will show, and at the same tune ntfbrds another, and not a little .striking confirmation 
of the general proposition anituunced in p. 14b. 1 should premise that to see the 
epipolic colour of the floor in perfeetioi^ it most be Inid on black velret, or the re^ 
flexion of light ftom its posterior snrftces most be destroyed by rooghening^ and 
coatitig them wit!) black sealing-wax. In this stiite, if equMed 1o daylight at a 
window, and \ icwed tbroogfa a blackened eye-tubet it is seen not as a green, but as a 

fine deep blue crystal. 

If a piece of lluor so prepared be placed in water in a glass standing on biuck 
velvet, tbe blae epipolic colonr is seen greatly heightened. Bat if the water be 
exchanged for a solntion of qniniae, this eolonr is completely destroyed and the 
sarlaeeappairB simply blaclc. To make the ntperiment snccessfiiUy, thegienteat care 
must be taken to cut off all lateral or reflected light. Tbe arrangement I adopted 
wa^, to coat a fluor as above describerl, and fastening- it with black sealing-- \rax to 
a witxv to lower it into the cuUeU jar described in Exp. 4, filled alternately with a 
solution of quinine and with pure water. Using the eye-tube for further precaution, 
the destruction of the epipolic tint by the solntioii was ^nite as oomplete as if instead 
of the floor a test glam fall of tbe qoiniferons solntion had been need. 

It wonld certainty appear from these ecperimcats thai tbe midual beam after un> 
dergotog epipolic dispersion had lost some oonstitneat portion^ or otherwise nnden. 
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gone some qualitative inudmca.Uoa wiiicb might be considered as reiidfriog it spe- 
cilicaily difirait fnm the inckleikt betm. It camiot be the mere tinge of cvImt 
wfaifih the km itf M small a portion of blue light has ghrea to it. Theve is still pleiilf 

of blue light left, and the eacperiment on sulphate of manganese proves that a mere 

abgorpfloH of a miirh lar^ proportion of the blue rays has not the same offset. 
MoreoTer the portion of iight dispersed tt-averscs the solution of quinine witti perfect 
facility, proving that no peculiar absorptive power is cxercistil by that tnediuin on 
fhese ivys ; nor indeed weald the separation of such rays by dispersion at the sniiue 
in any way tinge Ab aMdhna tKwjf with a conpleinentery tint, hut only the residual 
beam. 

T mine riov,- tn the pvainination of the dispersed portion of the lig-ht. As just 
remarked^ h tien once dispersed it is freeiy tratumitttd. The epipolic colour is seen 
M well, in a long test-cylinder filled with the solution, at the bottom of the tabe 
as at the top!, when vtawed by en eye situated in its aids, supposed vertieal. If all 
light be cot off from the tube by a sheet of black paper rolled round it, except frooi 
the lowest incli of its length, that inch h seen to gleam with quite as intense a colour 
as when the uppermost inch only is so exposed. 

i have already had occasion to i-emark that the epipolic tint is a compound one. 
lb obtain a pure lay for pctsnatio analyus, a cylindrical glass jar with perpendienbtr 
sidss was pntly flUed irith the qaiaiferous liqiud and pleosd In a strong lin^t, the 
whole anterior side being coated with black paper rising somewhat above the level 
of tbie liquid. The eye was then placed iu such a position, below that k'vcl, that the 
visual ray proceeding- /rom it would suffer total reflexion at the under surface. For 
comparison, a similar vessel of water, similarly shaded, was placed beside it. 'i'he 
suriiMse of this, so viewed Hmm bdow, was of course perfectly blaofc, no ray firom 
alwTe being able so to penetrate it as to rsacb tlie eye. Not so tiie qninileroas solu- 
tion. In this the under surfaoewas wholly viable, of a fine blue odour, considerably 
deeper in tint than in the oitlinary mode of viewing it, though not of so rif>h and 
saturated a character as the epipolic blue of the fluor. It was, however, much more 
Itmtinous, and being thus completely purified from all possible admixture of regularly 
refiraeled or reflected light, was well-adapted for prismatle analysis. 

By raising the eye exactly to the borisontal level of the surfhoe of the liquid* 
the whole of that surface became of course foreshortened into a narrow blue line. 
And in this sitimtion it became perfectly evident that this line was not a lucrc elon- 
gated ellipse, the perspective representation of the circular area of the surface, but a 
very narrow parallelogram^ having a lireadtii of about a fiftieth of an inch, of ft vivid 
and ncnriy nuifoffm bhie cdonr over its whole breadtb. This proves that the epipoUo 
ditperBion takes place within the liquid, and almost wholly within a distance not 
exceeding one-fiflieth of an inch from the surface. I say a!'r,n\f \vho\]y ; tor when 
a sunbeam was flirected downwards on the surface, by total reliexion Iroui the base 
of a prism, a feeble blue gieain was observed to extend downwards below this vivid 
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line to nearly half an inch from the surface, thus leaving it doubtful whether some 
Bmall amount of dispersion may not be effected in the interior of the medium at ap- 
preciable depths. 

The narrow blue line above described wbb viewed through a Fratinhofer flint 
prism. The spectrum was deficient at the red end by the totality of the purer and 
less refrangible red, nearly the wliole omnj^^e, and all the yellow^. A rich and broad 
band of fine green light slightly fringed with red on the less refrangible side, passed 
suddenly, on the more refrangible, to a copious indigo and Tidek mitboot any inter* 
mediatdy graduating blue. Either from want of snfficient brightnees, or from some 
other cause, no blacic lines were seen s as fiir as mere illumination vent, the spectrum 
developed appeared continuous. 

It appears froTii this that no one prismatic ray in particular is selected for epi- 
polic di!?persion, but ttiat u certain small per-centage of rays extending over a great 
range of refrangibility are subject to be so affected, the less refi-angible extreme being 
however wholly excluded, as well as the mi^ty of all below a mean relrangiUlity. 

The epipolic colour is more intense the more oblique the visual ray is to the 
dispersing surfoce. This, which would be inexplicable on the supposition of the 
dispersion being effected riirorously at the srpnmetrical surface of the medium, Is a 
necessary consequence of its takuig place within a superficial stratum of very small, 
but appreciable thickness, or according to a law of intenrity decreasing with great 
rapidity as the depth within the medium increases. It has been already shown that 
the dispertion is not confined to the interior of the liquid, but that a large portion of 
the dispersed light is directed outwards^ Exp. 4. The more oblique portions of tbis 
(which are also tlie more intense) require, as is there shown, peculiar management to 
render them visible. Those whose inclination to the dispersive surface is greater, 
may also be subjected to ocular inspection, by carefully destroying all regularly re- 
flected or acddental light. Thus, if on a surfttce of black paper two blots be mad^ 
the one of water, the other of a solution of quinine, and if these be laid before a 
window and viewed through a blackened tube in any direction but that of regular 
reflexion, the water will appear perfectly black, the quinine ft- ebly blue. But however 
oblique to the surface the visual ray may be in this case, no great accession of inten- 
sity takes place in the epipolic tint, fur thin ubvious reason, that the dispersing 
sttatum being witkin the medium, no ray dispersed by it can penetrate the surfiice, 
which has not an inclination thereto exceeding 41* 33*, at which angle, therefore, it 
most cut the stratum, and cannot therefore traverse any great extent of it bodily. 

Hence, moreover, on ffie other hanfl, the internally dispersed light, at groat obli- 
quTties to the surface (supposed in contact with air), will be reinforced by all that 
portion which wuuld have penetrated the surface and gone into the air but for the 
hiw of total reflexion i all the dispersed rays, that is to say, whose inelinathm to the 
Bur&oe is less than 41* 82'. This coorideration helps to explain the great comparaiire 
intenrity which the dispersed beam possesses under such drcumslanoM. 
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As It lias been clcariy abomi diat a beam of white ligbt from vbich certaiii 
fays have been separated by eptpolie dispenum is no longer susceptible of producing 

the cpipolic phenomena, it would seem a natural and almost a necessary conclu- 
sion, that the rays so separated ought to be wholly ^ or in a xtry high degree, so 
dispersed when incident on an epipolizing surface. But the whole history of physical 
optics is one continued warning against such seeming logical conclu^ons ; and in 
this case also the conclusion is not borne out by flust Thus in Etp. 2 and 4, abun* 
dance <tf rays internally dispersed must of necessity have been incident on the new 
surface presented to tlietn, yet no fresh dispersion wliatever took place. I may add 
too that in expcrimeiifs made witli considerable care to exclade all other light from 
incidence on a quioitcioiis surface, but such as bad originated in epipolic dispersion, 
I have not snoceeded in obtaining any indication of their ansceptibility of being a 
second time so dispersed. Tlioagh from the obscurity of such rays as compared with 
direct light, ttiese trials can hardly F>e considered as proving a negative, yet they 
certainly go very far towards proving the absence of any peculiar susceptibility in 
those rays to this particular affection. 

J. F. W. Hbbschbii. 

CbOmgwiod, March 1, 1845. 



Note added during the Printing. — Professor Graham has had the kindness to 
transmit to me a specimen of an alkaloid, extracted ti otn the brown coat of the seed 
of the chestnut, to which the name EtcuUne has been given, which possesses in per- 
fectioD the iwoperly of efrfpolie disperalon when in dilute solution, in whidi state it 

precisely resembles quinine. The same eminent chemist refers also to a peculiar oE 

CFillt-d Colophcne, fortned by the regulated action of sulphuric acid on oil of tur- 
peiitiric. which by liis description of its pbenom^, must aUo be an epipoUzing liquid 
of a siuiilar cburucter. 

Mojf 13, ia4fi. 
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VI. On the Liquefaction and Solidificatton of Bodies generally existing as Gases. By 
Michael Faiuday, Esq., D.C.L. F.R.S., FuUrrian Prof Chem. Royal Institution, 
Foreign Associate of the Acad. .Sciences, Paris, Cnrr. Menib. Uoyal and Imp. 
Acadd. nf Sciences, Petersburghf Florence, Copenhagen, Berlin, G^ttingen, 
Modena, Utockholm, %c. Sfc, 

Rceebvd Dcomber 19. 1844,>— Read iimaj 9» 1845. 

The experimeots formerly made on the liquefaction of gases*, and the lesalts which 
from time to time have been added to this branch of knowledg^e, especially by 
M. THiLORiER-f-, have left a constant dcsiic on my mind to renew the investigation. 
This, with considerations arising out of the apparent simplicity and unity of the 
molecttler comtitutioa of all bodies vtien in the gaaeons or vaporous state, whieh may 
be expected, according to the iodicfttions given by the experimente of M. CSaonurd ra 
laToub, to pass by some simple law into their liquid state, and also the hope of seeing 
nitrogen, oxygen, and hydrogen, either as liquid or solid bodies, and the latter probably 
as a metal, have lately induced me to make many experiments on the subject ; and 
though my success has not been equal to my desire, still I hope some of the results 
obtsdiied, aad the means of obtaining them, may iiave an interest for the Royal Sode^; 
nose eepei^ally aa the application of the latter may he carried much further than I as 
yet have had opportunity of applying thera. My object, like that of some otiicrs, was 
to subject the gas<^ to considerable pressure v,'itfi considerable depression of tempt ra- 
ture. To obtain the pressure, I used mechamcui force, applied by two air-pamps hxed 
toatable* The fiiat pump bad a piston of aaiadi in diameter, and the seoonda piston 
of only lialf an iipoh in diameier ; and these were so associated by a connecting pipe, 
that tlie first pump forced the gas into and through the valves of the second,' and then 
the second coukl be employed to throw forward this gas, already rondenswl to td^ 
fifteen, or twenty atmospheres, into its tinul recipient at a much higher pressure. 

The gases to be experimented with were either prepared tuid retained in gas 
holders or gas jars, or dse, vhoi the pomps wwe ^poued with, were evolved in 
Mvong i^ass vesselab and sent under preMore into the condensing tulMS. When the 
gases were over water, or likely to contain water, they passed, in their way from tlie 
air-bolder to the pump, through a coil of thin glass tube retained in a vessel filled 
with a good mixture of ice and salt, and therefore at the temperature of 0"^ Fahr. ; the 
water that was condensed here was all deposited in the fiist two inches of the cciL 

* PhilMophical Tnuuactioiu. ib23, pp. 160. 189. \ Anaaks de Ghiinie, 1835. Ix. 437, 4SS. . 

X3 



Digitized by Go 



156 



DR. FARADAT ON TUB UQVBPAGTION AND SOUDtFlCATlON OF 



Tbe condensing tubes were of green bottle glass, being from ^tb to |tb ni an imA 
ezternttl diameter, and from ^ to ^tb of an inch in tbickneas. They were chiefly 
of *t«ro kinds, about deven and nine inches in length ; the one, when horizontal, 
having a enrve downward near one end to dip into a cold bath, and the other, being 

in form like an inverted siplion, could have the bend cooled also in the same manner 
when necessary. Into the stmight [)art of the horixontal tnbe, and the longest leg of 
the siphon tube, presi^ure gauges were introduced when required. 

Fig. 1. 




Cbpe, stop-cocks and connecting pieces were employed to attach the glass tubes to 
the pumps, and these, being of brass, were of the usual chararter of tliose employed 
for operations with gas, except that they were suiall and carctulJy made. The caps 
were ut such size that the ends of the glass tubes entered freely into tiiem, and had 
rings or a female screir irorm cut in the interior, against wbicb the cement was to 
adhere. • Tbe ende of tbe giasi tabes wei« looisbened by a file, and when a cap was to 
be ftstened on, both it and the end of the tabe were made so warm that the cement*, 
when applied, was thoroughly melted in contact with these parts. Ix-fore the tube and 
cap were brought together and finally adjusted to each other. Tliese junctions bore 
a pressure of thirty, forty, and 6fty atmospheres, with only one failure, in above one 
bnndred insamoee ; and that prodoced no complete sq^tion of parts, but simply a 
inwUleak. 

Tlie caps» stop-codes, and connectors, screwed one into the other, having one com- 
mon screw thrend, so as to be combined in any necessary manner. There were also 
screw plugs, some solid, witli a male screw to clnsr tlie openings or ends of caps, &c., 
others with a female screw to cover and close the ends of stop-cocks. All these screw 
joints were made tight by leaden washers ; and by having these of different thidtnese, 
eqnal to from fth to ^ ^ke distaaoe between one turn of the screw thread and 
the nestf, it was easy at once to select the washer which should allow a sufficient 
compression in screwing up to make all air-tight, and also bring every part of tbe 
apparatus into its right position. 

* fin fHta «f iciia, <m jwrt of yellow ben'^wu, and one put of nd ochn» by wcifh^ ndted togetbsr. 
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I have often pat a' preitare of fifty atnuMpberes into these tobea, and bave bad 
no accident <Mr Jailure (except tbe cue mentioned, lll^th tlie aeHstanoe of Mr. 

Aduoib I have tried th^r Strength by a hydrostatic press, and obtained the following: 
results: — A tube having' an external diaiin-fiT of 0*24 of an inch and a thickness of 
0*0175 of an inch, burst with a pressure of sixty-seven atmospheres, reckoning one 
atmosphere as 1 5 lb. on the square inch. A tnbe vhldi had been naed, of the shape of 
fif. 1, its external diameter being 0-925 of an Inch, and its thickness abont 0*03 of 
an inch, sostained a pressure of 118 atmcspheres without breaking, or any lailare of 
the caps or cement, and was then removed for fin t})er nse. 

A tube such as I have cmploviMi for generating gases under pressure, having- an 
external diameter of 0-6 of an lach^ and a thickness of 0 035 of an inch, burst at 
tareiity-five atmcspberes* 

Hai^ng these data, it was easy to select tubes abundantly sufldent in strength to 
snstaln any fores wbicb was likely to be eaorted within them in any given experts 
ment. 

1 lie gauge used to estimate the degree of pressure to which the gas within the con- 
densing tube was subjeeted was of the same kind oh those formerly described*, being 
a small tube of ^ass closed at one end with a cylinder of mercury moving in it* So 
the expression of ten or twenty atmcspheres, mcane a fbree which Is able to compress 
a given portion of air into -^ih or -j^th of its bulk at the pressure of one atmosphere 
of thirty inches of mercury. These gauges had their graduation marked on them 
with a black varnish, and also with Indiau ink : — there are several of the gases which, 
when condensed, cause the varnlrii to liquefy, but then the Indian ink stood. For 
farther precaution, an exact copy of tbe gauge was taken on paper, to be applied on 
the outride of the condensing tube. In most cases, when the experiment was over, 
the pressure ^vRs removed from the interior of the apparatus, to ascertain whether 
the mercury in the gauge would return back to its first or starting-place. 

For the application of cold to these tubes a bath of Tuilouier';) mixture of solid 
caifaonic acid and ether was used. An earthenware dish of tbe capacity of four cubic 
Inchee or more wes fitted into a similar dish somewhat targer, with three <Hr four folde 
of dry flannel intervening, and then the bath mixture was made in the inner dish. 
Such a bath will easily continue for twenty or thirty ininntes, retaining solid carbonic 
acid the whole time ; and the glass tubes used would buBtaia sudden immersion in it 
without breaking. 

Bat as my hopes <tf any success beyond that faerelofore obtained depended more 
npon depression of temperature than on the pressure which I could employ in these 

tubes, I endeavoured to obtain a still greater degree of co!f!. There are, In fact, 
some results producible by cold which no pressure may Ik ;il»ie to effect. Thus, 
solidification has not as yet been conferred oa a iluid by any degree uf pressure. 
Again, that beautifbl cont^don wUofa Caqniabd dh ia Tom has made known, and 

• lUliMqiUadTtaaaMticMn. 18SS, p. 199. 
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wfaicb comes on with liquids at a certain heal» may bave its point of temperature for 
some of the bodies to be experimented witb, as oxygen, hydrogen, nitrogen, &c., below 
that belonging to the bath of carbonic aeid and ether ; and, in that case, no pressure 
wlticb any apparatus could bear would be able to bring tbcm into the liquid or solid 
state. 

Td fsocare this lower degree of eoM, tlie bath of caiiMmic add uid ether ira» pat 
into an air-pttiap!, and tlie air and gaseoui carbonic acid rapidly removed. In this 

way the temperature fell so low, that the vapour of carbonic acid given oflf by the 
bath, instead of having a pressure of one atmosphere, had only a pressure of ^th of 
an atraoaphere, or 1*2 inch of mercmy ; for the tur-pump barometer could be kept 
at 28*2 inches when the ordinary barometer was at 29*4. At this low temperature 
the carbonic add mixed with tbe ether was not more volatile than water at the 
tempoatare of 86^, or alcohol at ordinary temperatures. 

In order to obti^ some idea of this temperature, I had an alcohol tbermomder 
made, of which the gradiiafion was carried helow 32" F' jin . by degrees equal in 
capacity to those between and 212". When this thermometer was put into the 
bath of carbonic acid aud ether surrounded by the air, but covered over witli paper, 
it gave the temperatnre of 106" bdow 0^. When it was introduced into the bath 
nnder the dr^pump, it sank to tbe temperature of 166f* bdow 0^ ^ or 60* bdow tbe 
temperature of the same bath at the pressure of one atmosphere, i. e. in the air. In 
this state the ether was very fluids and the bath could be fce^t in good order Hor a 
quarter of tui hour at a time. 

As the exhaustiuu proceeded I observed the teuipei-ature of tiie liath and the corre- 
qwuding pressure, at certdn other points, of which the following may be recorded:— 
The extemd barometer was 99*4 inches: 

inch. Fabk. 

when the mercury in the air-pump barometer was 1 . the bath temperature was— 106, 

10 — 112i, 

30 .. ^121, 

99 -^m, 

24 —181, 

26 

27 —146, 

28 —160, 

28-9 ->1«6; 

but as the thermometer takes some time to acquire the temperature of tbe bath, and 
tbe latter was continually foliii^ in iegwt t as also the alcohol th i dw n s ooasideraMy 
at the lower temperature, there is no doubt that the dc^grees eKpiessed are not so lew 
as they ought to be, perhaps even by 5° or 6" in most cases. 

With dry carbonic acid under the air-pump rereiver I could raise the pnmp i)aro« 
meter to twenty-nine iuches when tbe exlciuai barometer was at thirty inches. 
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The BCTaqgement by wbicb tins cot/Gag power was coBbined hi iti elfeet on gues 
tHtb the prennre of the pninps, was very simple- in principle. An air-pump reoenw 

open at the top was employed; the brass plate which closed the apertare bad a small 
brass tube about six inches long, passing through it air-tight by means of a sttifBng- 
box , so as to move rasily np and down in a vertical direction. One of the glass con- 
densing siphon tubes, already described, fig. 1, was screwed on to the lower end of 
aliding tabi^ and the upper end of tito latter was connected with a ooauniinl- 
eating tnlie in two lengths, reaching from it to the condensing pumps ; this tobe was 
■audi, of brass, and 9^ feet in length ; it passed six inches horizontally from the 
condcDsing^ pumps, then rose vertically for tvro feet, afterw ards proceeded horizontally 
for seven feet, and finally tnrned down and was immediately connected with the 
sliding tube. By this means the latter could be nused and lowered TertioaUjr, 
wMioQt taxf atrain upon the ooonexioaa, and Uie oondenaing tnlw lowered into the 
cold bath mvmm, or raised to have its contents examined at pleaanre. The cnpa- 
city of the conneeting tubes beyond the last condenung pump was only two cubic 
inches. 

When experimenting with any particular gas, the apparatus was put together fast 
and tiglit, except the solid terminal seiew-ping at the short end of tlie oondeodng 
tulM^ wfaidi being the very extremity of the apparatus, was left a little loose. Then* 
by the oondenring pumps, abundance of gas was passed throi^ the appontus to 

sweep out every portion of air. nftcr whirh the terminal plug was screwed np, the 
cold bath arrangedj and the combined cflects of cold and pressure brought to unite 
upon the gas. 

There are many gases winch ocmlense at less than the pressure of one otmoqibevB 
when submitted to the cold of a carbomc acid bath in idr (wbicb latter can upon 

occasions be brought considerably below — 106° Fahr.). These it was easy, therefore, 
to reduce, l»y sending them throug'h small conducting tubes into tubular receivers 
placed ia ttie cold bath. When the receivers had previously been softened in a spirit 
lamp flame, and narrow necks formed on them, it was not difficult by a little further 
management, hermetically to seal up these substances in their condensed state. In 
this manner chlorine, cyanogen, ammonia, sulphuretted bydro^^en, arseniuretted hy- 
drogen, liydrlodic acidj hydrobromic acid, and even carljonic acid, were obtained, 
sealed up in tube? in the liquid state; and euchlorine u'a« nho secured in a tnl)e 
receiver with a cap and screw-plug. By using a carbonic acid bath, fir^t cooled ui 
vaeuof there is no doobt other condensed gases could be secured in the same way. 

The Bnid carbonic add was supplied to me by Mr. Adoams, in his perftctapparatus, 
in portions of about B90 cubic inches eacli. The solid carboidc acid, when produced 
from it, wns preserved in a glass; itself retained in the middle of three concentric 
glass jars, separated from each other by dry jackets of woollen cloth. So effectual 
was this arrangement, that I have frequently worked for a whole duy of twelve and 
fourteen hoars» havhig solid carbonic add in the reserroir^ and enough for aU 
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the balhs I required during the whole tinier produced by one supply of S90 cubic 
inches*. 

By the apparatus, and in the manner, now described, all the gases before condensed 
were very easily reduced, and some new results were obtained. When a gas was 
liquefied, it was easy to close the stop-cock, and then remove the condensing tube 
with the fluid from the rest of the apparatus. But in order to preserve the liquid 
from escaping as gas, a fiirther precantioa was necessary; namely, to cover over the 
exposed end of the stop-code by a blanlt fSmiale icrev-eap and leaden washer, and 
also to tighten perfectly the screw of the stop^odc plug. With these precatttlons I 
have kept carbonic acid, nitrous oxide, fluosilicon, &c. for several days. 

Even with gases which could be condensed i)y the carbonic acid bath in air, this 
apparatus in the air-puuip had, iu one respect, the advantage ; for when the condeu- 
sing tube was lifted out of the bath into die air, it immedbtely became covered vith 
lioar frost, oliecuring the inew of that which was witiun ; but m vacuo this was act 
the case, and the contents of tlie tube could be very well examined by the eye. 

Oh/iaiif gas. — Tliis gas condensed into a cleai, colourless, transparent fluid, but did 
not become solid even in the carbonic acid bath in vacuo ; whether this was because 
tlie temperature wa» not low enough, or for other reasons referred to in the account 
of euclilorin^ is uncertain. 

The pressure of the vapour of this snlMtance at the temperatttre of the carlionic 
adid bath in air (~103° Fahr.) appeared singularly uncert^n, being on different 
occasions, and with different specimens, 3 /, 87, ^ and 6 atmospheres. The Table 
below shows the tension of vapour for cei tain degrees below 0° Fahr., with two dif* 
fereut specimens obtained at different times, and it will illustrate this point. 



Fahb. 


Atmospheres, 


Atmospheres. 


-100 . . 


. . 4*00 . . 


. . 0-80 


- 00 . . 


. . 6-68 . . 


. . 10-96 


- 80 . . 


. . 6-92 . . 


. . 11-33 


- 70 . . 


. . 8-32 . . 


. . 12-52 


- 60 . . 


. . 9-88 . . 


. . 1386 


— 50 . . 


. . 1172 . . 


. . 15-36 


- 40 . . 


. . 18-94 . . 


. . 17'05 


- 90 . . 


. . 16'66 . . 


. . 18'06 


- 20 . . 


. . 19'S8 . . 


. . 21-23 


— 10 . . 































* On one occasion the solid carbonic acid was exceedin^y dectric. but I could not produce the effect again : 
ttiniprohritly ccHiaeetediriliithepnMaeeof oilwiiiahwta oaiitfatt it nor Uw £!■<- 
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I bam not yet reidved tbit irregularity, but bdteve there are two or more sub- 
«taiicei» phyaieally, and perhaps oceasioaally chemically dilfereDl, in oMIaat gat i 
and varying in proportion with the drcttmttAiUiM of heat, proportitnifl of iogredienti, 

&c. attending the preparation. 

The fluid affected the resin of the gauge graduation, and probably also the rctiii 
of the cap cement, though slowly. 

Hydriodic acid. — ^This sulMtanoe was prepared from the iodide of phosphorus by 
beating it with a very little water. It it cadly condensable by the tempeiatare of a 
carbonic add bath : it was redistilled, and thus obtained perftctly pure. 

The acid may be obtained either in the solid or tiqoid, or (of course) in the gaseon 
state. As a solid it is perfectly clear, transparent, and colourless ; having fissures 
or cracks in it reseifibling those that run through ice. Its solidifying temperature is 
nearly —60° Fahr., and then its vapour has not the pressure of one atmosphere ; at a 
pdnt a little higher it becomes a clear liquid, and this point is close upon that wbush 
eocTCBponds to a vaporous pressure of one atmosphere. The add dissolves the cap 
cement and the bitumen of the gauge graduation ; and appears also to dissolve and 
act on fat, for it leaked by the plug of the stop rock with remarkable facility. It 
acts on the brass of the apparatus, and also on the mercury in the gauge. Hence the 
following results as to pressures and temperatures are not to be considered more 
tbaaappfoodmatloiis: — 

At 0^ FAHa. pressure iras 9*9 atmospheres. 
At 32° Fahu. pressure was 3*97 atmospheres. 
At G0° Fahr. pressure was 5 86 atmospheres. 

Hydrohromh: acid. — ^This acid was prepared by adding to perbiomide of phos- 
phorus* about one-third of its bulk of water in a proper distillatory apparatus 
formed of glass tube, and then applying beat to distil off the gaseous acid. This 
being sent into a very cold recdver, was condensed into a liquid, which being tec* 
tified by a second distillation, was then experimented with. 

Hydrobrorolc add condenses into a dear colourless liquid at 100^ beloiw 0^ or 
lower, and has not the pressure of one atmosphere at the temperature of the carbonic 
acid bath in air. It soon obstructs and renders the mof ion of the mercury in the air- 
gauge irregular, so that I did not obtain a measure ot jts elastic force ; but it is less 
than that ui munutic acid. At and below the temperature of —124° Fahr, it is a 

OB it m th« air cpnJucted, fer wlwn toodied it jpmu i wl tt> dectrie <lrtie» BeKering 
aa yet that the account I has e given of the c r v i the electric Mlt of M inniig jet of steam and water (Phil. 
1>ans. 1843. p. 17) is the true one, I conclude thtttJii«(ibo«iS«flM«af^pndnetioa<rf «l«otiki^ iiBfly 
bj frictioa, and unconnected with Tapomation. 

• Tte laoadde* ofpboaiilMm m cuityaudeirhli^ If a tube be bent ao u to , 

hare two depresi'inns, phosphorus placed in one and bromine in the other; then by inclining the tube, the 
TifKwr of bromine can be made to flow gradually on to, and combine with, the phoiphoniaii The fluid proto- 
bMMide Is fint flomed. Mid th» is eAerwaidt etnTCCtd Thttaeeucf branioennrbe 

MOCCCZLT. y 
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■olid, ti«nqiareiit, crystalBne body. It does not fraeae until icdooed much lower 
tiiaii tiiis temperatore $ but bdag froiai by the carlMMilc acid bath m it ra- 

mains a solid mtil the temperature in rising attains to —124^ 

FliiosUtcnjr. — I found that this substance in the gaseous state might be brought 
in contact witli the oil and niet.nl of the pumps, without causing' injury to them, for 
a time sutBciently long to apply the juiut process ot condensatioa already described. 
Tbe substance 1iqne6ed under a pi-essnre of about nine atmo^thensa at tbe lowcat tem- 
perature, or at 16(f below 0^$ and was then dear, transparent, ooloatles^ and very 
fluid like bot etber. It did not solidify at any temperature to which I could submit 
it. I WtT! n' lr to preserve it in the tube nntif the next day. Some leakage had then 
taken [ hu'L fni it ultimately acted on the Inbriratine fat of the Stop-cock), and there 
was no liquid in the tahv: ut com^loa temperatures ; but when the bead of tbe tube 
was cooled to 32° by a little ice, fluid appeared : a bath of ice and salt caused a still 
more abundant condensation. Hie pressare at^wared then to be above thirty at. 
mospherae, but tbe notion of tte mecnory in the gauge had become obatmeted tbrongfa 
tbe action of tbe fluosilicon, and no confidence could be reposed in its indicatioas. 

P/iosp/iuretted ht/drogen. —This gas was prepared by boiling phosphorus in a strong 
pure solution of caustic potassa, and the icrns was preserved over water in a dark i-oom 
for several days to cause the deposition of any mere vapour of phosphorus which it 
might contain. It was then subjected to high pressure In a tube cooled by a carbonic 
acid bath, which had itself been cooled nnder tbe receiver of the ur-pump. Hie gas 
in its way to the pumps passed through a long t^iral of thin narrow glass tube im> 
mersed in a nnxtnre of ice and salt at 0°, to remove as much water from it as ppssible. 

liy these means the phosphuretted hydrogen was liquefied ; for a pure, clear, colour- 
less, ti'ansparent and very limpid tiuid appeared, which could not be solidified by any 
tempentnre applied, and wbleb when the pressure waa taken off immediately rose 
sigain in the form of gas. Still tbe whole of tbe gas was not coadensable into this 
fluid. By working the pumps the pressure would rise up to twenty-five atmospheres 
at this very low temperature, and yet at the pressure of two or three atmospheres and 
the same temperature, liquid would remain. There can be no doubt that phosphu- 
retted hydrogen condensed, but neither can there be a doubt that some other gas, 
not so condensable^ was also present, which perhaps may be either another pboapho- 
retted hydrogen or hydrogen itself. 

Fluoboron. — ^This substance was prepared from floor spar, fused boracic acid and 
strong sulphuric acid, in a tube generator such as that already described, and con- 
ducted into a condensing^ tube under the generating pressure. The ordinary car- 
bonic acid bath did not condense it, but the application of one cooled under the air- 
pump caused its liquefaction, and fluoboron then appeared as a very limpid, colour- 
less, clear fluid, showing no signs of soUdifieation, but when at tbe lowest tempe- 
rature mobile as hot etber. When the pressure was taken ofl^ or the temperature 
raised, it returned into the state of gas. 
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Tbe lbll<nrfaig are mim raralte of pfCMon^ all tbafe I codd obtaia witb the liqaid 
in my pomirioD; for, M the tM|aid is ^gfat and the gas lieavjr, th« fonaer i^idly 
diiap|>e«ra in producing the latter. They nake no pialenaloBS to accnraqr, and are 
given only fbr genei-al information. 



Fahk. 

— 100 

— 82 



Atmoapheraa. 
. 4-61 

• 7-5 



Fab». 
« 

-72 
-66 



Atmiwplieres. 
. 9-23 
. 1000 



—62 



Atmo»pheret. 

. n-54. 



The preceding are, as far as I am awai-e, new results of tl r liquefaction and solidi- 
fication of gases. I will now briefly add such otliei- inforinaliou respecting' solidifi- 
cation, pressure, as i have ubtaiiieU witli gaseous bodies previouisly condensed. 
As to preeearc^ coneadenibie Irregularity often oocurred, which I oannoC alvaya refer 
to its true cause ; soasettmefl a little of the compressed gas would creep by tbe iner* 
cury in the gauge, and increase tlM Volaaw of inclosed air; and this varied witb 
(lifTercnt substances, probably by some tendency wliich the glass had to favour the 
condensation of one (by something analogous to hygroinetric action) more than 
another, liut even when the mercury returned to its place in the gauge, thei'e were 
anomallea which seemed to imply, tiiat a snbetance, supposed to be one, might be a 
mixtore of two or mot«. It is, of course, essential tliat the gauge be preserved at tbe 
same temperature throughout the observations. 

3fttriafic acid.— Tim substance did not freeze at the lowest temperatnre to which 
I could attaiu. Liquid muriatic acid dissolves bitumen ; the solution, liberated from 
pressure, boils, giving off muriatic acid vapour, and the bitumen is left in a sofid 
frothy state, and probably altered, in some degree, chemically. The acid unites 
with and softens tbe restnons cap cement, hut leaves it when the pressure is diml« 
riis.fuHi. The following are certain pressnres and tcmp»'ratni which, I |»elieve, are 
not very far from trath ; the marked numbers are from experiment. 



Fahk. 


Atmospheres. 


Fahr. 


Atmospheres. 


Fahb. 


Atmosjihcres 


w-lOO . 


. . 1-80 




. . 5-83 


o 

w_ 6 . 


. . 13-88 


93 . 


. . 2-38 


-ao . 


. . 6-30 


y 0 . 


. . 15-04 


- 90 . 


. . 8*88 


w— 43 . 


. , 7-40 


10 . 


. . 1774 


V— 83 . 


. . 2*90 


—40 . 


. . 7'68 


20 . 


. . 81-09 


- 80 . 


. . 312 


«-33 . 


. . 8-53 


- 25 . 


. . 23 08 


77 . 


. . 3-37 


—30 . 


. . 9-22 


30 . 


. . 2S-32 


- 70 . 


. . 402 


« — 22 . 


. . lOGC 


« 32 . 


. . 2G-20 


C7 . 


. . 4-26 


-20 . 


. . 10-98 


40 . 


. . 30-67 


- 60 . 


. . 6*08 


—10 . 


. . 12-82 







The result formerly obtidned* was forty atmospheres at the temperature of 60^ PAan* 

* PlwTowiiilikd TVwMicttoBfc 1823. p. 198. 
t2 
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Ai^pAiiroiHr oeicKi—When liquid, it dlnolTca bitomen. It bcoomes a eryatalliiw, 
tmupaient, iMloarliitt} iolid body, at —106* Fahil g when partly froien the ctystab 

are well-formed. The solid sulphurous add is heavier tbao the liquid, and sioks 
freely in it. The following is a table of pressures in atmosphf^rcs of 30 inches mer- 
cury, of which the marked results are from many observations, tlie othei"8 are in- 
terpolated. They differ considerably from the results obtained by Bunsen*, bat 
agree with my Bnt and only renilt. 



Fabju 


AtBMI[iltCfCS. 


Fass. 


AtnuMphcsw. 


Fahk, 




•o . 


. . 0-796 


40 . . 


. 178 


76-8 . 


. . 3-60 


10 . 


. 0-93 


46*6. . 


. 2-00 


86 . < 


. . 4-00 


vl4 . 


> . 1-00 


v48 . . 


. 3*06 


V 90 . 


. . 4-86 


wl9 . 


■ . M2 


*'56 . . 


. 2-42 


93 . . 


. 4-50 


w23 . , 


. 1-23 


58 . . 


. 2-50 


98 . , 


. 500 


v26 . . 


. 1-33 


-64 . . 


. 276 


«100 . 


. 616 


31-5. . 


. 1-60 


68 . . 


. 300 


• 104 . . 


. 5-60 


v39 . . 


. 1*5S 


-73-6. . 


. 8-98 


110 . 


. . 6-00 


v8S . . 


. 1*67 











Sufyhuretttd hi/drogen.^Tblii tabstance solidifies at 139° Fahe. below 0% and is 
then a lAate crystalline translocent sobstance, not reoiaitaii^ clear and transparent 

in the solid state like water, carbonic acid, nitrous oxide, &c., but forming a mass 
of confti?ed crystals like common salt or nitrate of ammonia, solidified from the 
melted state. As it fuses at temperatures above —122°, the solid part sinks freely 
in the fluid, indicating that it is considerably heavier. At this temperature the press- 
ure of its vapour Is tos than one atmosphere, not more, probably, than 0*8 of an atmo- 
sphere, so that the liquid allowed to evaporate in the air would not solidify as car* 
boiuc acid does. 

The follox\'intr a table of the tension of its vapour, the marked numbers being 
close to experimental results, and the rest interpolated. The curve resulting from 
these numbers, though coming out neai'ly identical in different senes of experiments, 
is apparently so diluent in its character from that of water or carbonic acid, as to 
leave doubts on my ndnd respecting It, or else of the identity of every portion of the 
fluid obtained, yiet the cfyatallimtion and other cliaracters of the latter seemed to 
show that it was a pure substaiiee. 

• BilM^He VaiTendtob 1889* niQ. p. 16S. 
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Fahk. 


Atmoipherea. 


Fa BE. 




Fahb* 


















1*<M 






10 


9*91 






V— 4A 




OA 






• . * •*/ 


— 30 


« * o ^ ^ 




• • V OO 


OA 

— tsv 




— ^» • 




OU « 


» . » 


V— 74 . 


. . 1-50 


--20 . 


. . 4-24 


40 . 


. . 11-84 


- 10 . 


. . 1-59 


v-16 , 


. . 4-60 


-48 . 


. . 1370 


V- 08 . 


. . 1-67 


-10 . 


. . 5*11 


M . 


. . 14-14 


— 60 . 


. . 1*88 


w_ 2 . 


. . 5-80 




. . 14*60 


68 . 


. . S-00 











Cearhome «eUL— The Bolidificatioii of carbonic add hy M. TmLOima is ono of tbe 

most beautiful eKpetimental result! of modern timei. He obtained the subetance, at 
is well known, in the form of a concrete white mass like fine snow, aggregated. 
When it is melted and resolidified by a bath of lo^ temperature, it then appears as a 
clear, ti-ansparentj crystalline, colourless body, like ice ; so clear, indeed, that at times 
it was donbtfiil to tbe eye whether anything was in the tube, yet at tbe same time 
tbe port WBB €lled irith 90M oarbonic add. It melts at tbe temperatiAte of — 7<f or 
'72^ Fahr., and the solid carbonic add is beftrier than tbe fluid liathiag it. The 
Striid or liquid carbonic acid at this temperature has a pressure of 5*33 atmospheres 
nearly. Hence it is easy to understand the readiness with which liquid carbonic 
acid, when allowed to escape into the air, exerting only a pressure of one atmosphere, 
freezes a part of itself by the evaporation of another part. 

TnLOKina gives — 100" C. or — 1 48" Fark. as tbe tempecatare at which carbonic add 
becomes solid. This howerer is rather tbe temperature to which solid caibonic add 
can sink by furtlier evaporation in the air, and Is a temperature belonging to a pr^> 
lire, not only lower than that of 5'33 atmospheres, but even much below that of one 
atmosphere. This coohng effect to temperatures below the boiling-point often ap- 
pears. A bath of carbonic acid and ether exposed to the air will cool a tube con- 
tdning condensed solid carlnmic add, until the pressure within the tube is less than 
one atmosphere $ yet, if tbe same bath be ooreied up so as to have the pressure of 
one atmosphere of carbonic add vapour over it, then the temperature is such as to 
prod nee a prenure of 2*6 atmospheres by the Ti4Myttr of the sdid carbonic acid within 
the tube. 

The estimates of the pressure of oirbonic acid vapour are sadly at variance ; thus, 
THiuMnaa* says it has a pressure of 98 atmospheres at —4" Faou, whilst Ai»DAits<t* 
says tiiat for that pressure it requires a temperature of SO'*. Addams givca tbe pres^ 
ure about 27^ atmoSpberM at 33^, bnt Thiiaribr and myself X give It tui 96 atmo- 
spheres at the same temperature. At &<f BaumsL^ estimates the preseure as 60 

• Annales de Chimie. ]835, Ix. 427, 432. t Keport of Bridsli Awociation. 1838, p. 70. 

] Philoiophical TrantActioni. 1823, p. 193. ( Royal InititutioD Jounal, ui. 133. 
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atmospheres, vbibk Addams makes it only 34'67 atmospheres. At 86*^ Thiloribr 
fittdt the prewure to be 73 atmoqilieEess at 4* more, or 9(f, Bsunbl makes it ISIO 
Btmoeplieres ; and «t 10^ more, or 100^, Aniuiie makes it len ttott-THiLoaiSM at M^, 
and only 62*^ atuMMpberes ; eveft at 150^ the pmrare witft faim ia not <firite 100 

atmospheres. 

I am inclined to think that at about 90^ Tacniard df. la Tour's state comes on 
with cai'bonic acid. From Tuu^bibh's data we may obtain the specific gravity of 
the fiqnid and the vapour orer it at the temperature of 86^ Fabr., and the former is 
little more than twice that cf the latter ; hoioe a few dcgreee more of temperatnre 
would bring them together, and Brunel's resait seems to imply that the elite was 
then on, but in that case Addams's results could only be accounted for by sopposing 
that tliere was a deficiency of carbonic add. The following are the pressvues which 
I have recently obtained : — 



FiJEOI. 


AtnuMipberes. 


Fasi. 


AtniMphcres. 


Fau. 








. . . I'U 


— W . 


. . 6-97 


• 
4 


« < 


. . 21-48 


—110 


. . . 1*17 




. . 7 70 




0 




. . 33*84 


107 


... I'M 


-30 . 




*» 


& 


• 


. .34*73 


— 100 


. . 1-85 


-40 . 


. . 11-07 


w 


10 




» . 36*88 


95 


. . . 2-28 


«— 34 . 


. . 12-50 


\J 


15 




. . 29-09 


~ 90 


. . . 2-77 


—30 . 


. . 13-54 




20 




► . 30-66 


w— 8» 


... 3-60 


—23 . 


. . 15*45 


w 


23 


. i 


. . 33-15 


— 80 


... 3-93 


-20 . 


. . 10-30 




SO 


m < 


. 37*19 




. . . 4'60 


. 


. i 17-80 


w 


32 


*' 1 


. • 88^50 


- 70 


. . . 6-33 


-10 . 


. . 19*38 











Carbonic acid is remarkable amongst bodies for the high tension of the vaponr 
which it gives off whilst in the solid or glacial state. There is no other substance 
whicli ut all comes near it iu this respect, and it causes au ioverbiua of what in all 
otiier cases is the natural order of •events. Thus, if, as is the case with water, ether, 
mereury or any other fluid, that temperature at wUeh carbonic aeid gives off vapour 
equal in elastic force to one atmos|iliere, be called its boiling-poiats or, if (to pr»> 
duce the aetnal effoct of ebullition) the carbonic acid be pluOiged bdow the sucfiwn 
of alcohol or ether, then we shall perceive that the freezing' and boiling-points are 
inverted, i.e. that tl)e freezing-point is the hotter, and the boiling-point the colder of 
the tw'o, the latter being about jO" below the former. 

JSbcAlorme.— This substance was easily converted ftom the gaseous state into a 
soUd eiystalline body, which, by a little iuorcase of temperature, mdted into an 
orange-red fluid, and by diminution of temperature again congealed ; the soHdeochlo. 
rine bad the rnlonr and general appearance of bichromate of potassa ; it was mode- 
rately hard, bnule and translucent ; and the crystals were perfectly clear. It 
melted ut the temperature of 76° below i)'^, and the sulid potliua was iieuvicr than 
the liquid. ' 
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Whea in the solid state it g^ves off so litUe vapout* tliat the eye is not sensible of 
Hm pmenee by any degree ct oolonr in the air over it when leoking doim a tobe 
four iaehei in kngth, at tlie bottom «f irUoh !■ the wibtrtance. Hence die pmnifle 

its vapour at that temperature must be very small. 

Some hours after, wishing to solidify the same poi tion of euchloriue which was 
then in a liquid state, I placed the tube in a bath at — l lu , but could not succeed 
either by continoance of the tube in the batb, or shaking the fluid in the tube, or 
ofiening tbe tobe to alloir tbe (nil pruenre of tbe atmoephere ; bnt when the liquid 
euchlorine was touched by a platinum wire it instantly became tolid, and exhibited' 
all tlie properties before described. Tlierc are many similar instances amongst ordi- 
nary substances, but tbe effect in this ca>ie niakc? me hohitatc in conclndlii;^ that 
ail tbe gases which as yet have refused to solidity at temperatures as low as 166** 
bekw if, CHDDOt acquire €be solid state at lucb a tempowtorab 

NUnms oenfe.— This snbstanoe was obtained wluf by tbe temperatare of tbe car- 
bonic acid batb m vacuo, and appeared as a beautiful clear crystalline coloarleSS body. 
The temperature required for this effect must luivc I)t?en very nearly the lowest, per- 
haps about 150" below 0^. The pressure of the vapour rising from the solid nitrous 
oxide was less than one atmosphere. 

Hence it was conclnded that liquid nltroos -oxide could not freeae itself by evapo- 
ration at one atmosphere, as carbonic acid does s and this was found to be tro^ for 
when a tube containing much liquid was freely opene<l, so as to . allow evaporation 
down to one atmosphere, the liquid boiled and cooled itself, but remained a liquid. 
The cold produced by the cvapoi-nf ion was very great, and this was shown by putting 
the pai*t of tbe tube coutaiDmg tiic iiquid nitrous oxide, into a cold bath of carbonic 
acid> for the latter was like a bot bath to the former, and instantly made it boil 
rapidly. 

I kept this snbstance for some weeks In a tube closed by stop-cocks and cemented 

caps. In that time there was no action on the bitumen of the graduation, nor on 
the cement of the caps; these bodies remained perfectly unaltered. 

Ilenoe it is probable that thiti bubstancc may be used in certain cases^ instead of 
carbonic add, to produce degrees of cold Cur below those which the latter body can 
supply. Down to a certain temperature that of its solidification, it would not even 
r^uire ether to give contact, and below that temperature it could easily be osed 
min2:l(d with ether; its vapour would do no barm to an air-pump, and there is no 
doubt that the substance placed in vacuo would acquire a temperature lower than any 
as yet known, perhaps as for below tbe carbonic acid bath w muma as that Is bdow 
tbe same bath in air. 

Hits substance, like defiant gas, gave very uncertain resnlts at dillerent tiuMS as 
to the pressure of its vapour ; results wlileli can only be accounted for by supposing 
that there are two different bodies present, soluble in each other, but differing in the 
elasticity of their vapour. Four different portions gave at tbe same temperature. 



Digitized by Go 



168 DB. VAEAPAY ON THB LIQUBPACTtON AND SOLIDinCATION Of 



namely, -106" Fahr., the following great diffiarenoes in pressure, 1*60; 4*4; 5 0; 
and 6*8 atnuMpheres, and Chit after the dasUo atmosphere left in the tnbet at the 
ooncliuion <tf the eoodensation had been.allowed to cioape, and be replaced by a por- 
tion of the respective liquids which then rose in vapour. The following Table gives 
certain results with a portion of liquid which exerted a prenore of six atmospheres at 
— 106"Faur. 

Fauu AtnoqlMKt. AtnMqdMfM. 

—40 10*20 

—35 10-95 

—30 ..... 11*80 

-25 1275 

—20 13-80 

-16 14-05 

-10 i6-ao 

— 6 17*55 

0 1905 24-40 

5 2070 2608 

10 22-50 2784 

15 24*45 2068 , 

90 26«5 31-62 

25 28-85 32-66 

30 35-82 

85 .... . 3810 

The second column expresses the pressures given as the fluid was raised from low 
to hU'lier temperatures. The third colainn shows the pressures given the next day 
with the same tube after it had attained to and continued at the atmospheric teui* 
perature for some hours. There is a Uitl'eieace of four or five atmospheres between 
the two, showing that in the flitt instance the previoas low temperatare had caused 
the solntion of a more volatile part in the less volatile and liquid portion, and that the 
prolonged application of a higher temperature during the night had gradually raised 
it again in vapour. This result occurred again and agdn with the same spe- 
cimen*. 

Cyanogen, — This substance becomes a solid tiauspaient crystalline body, as Bunsen 
has already stated'f-, which ndaed to the temperature of — 3(f FAua. then liqtiefies. 
The solid and liquid i^psftr to be nearly of the same specific gravity, but the aolld Is 
perhaps the denser of the two. 

* lliis Mibatuoe b one of thoM wbieti I Uquelttd in 1828 (aee PhOoMpluetl Tknnetkin). Siiwe tnftiiig 

the above I perceive tlmt M. NATTBaeK has condensed it into the UqnU State iff th* Me of pumpA onljr (aee 
Comptea Readiu. 1 844, ISth Nov. p. 1 1 U), uad obtained tbe liquid ia eondd<i«1ile qoutilke. The wni*eoC* 
SSealaaa ol it by expoamc to the air peifeetly aeeonls with mjr own reaulti. 
t BiUkditqiie UaiTenelle, 18S9. xsw. p. 184. . 
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The mlind solid and Kqoid MriMtanoe yiddc a TSpoar of mther len presmre tluii 
one atmosphere. In aooordance with this resnll, if the Uqmd be cxpeecd to the air, 

it does not freeze itself as carbonic acid does. 

The liquid tends to distil over and condense on the cnp cement and bitumen of 
the guiig-e, bat only sliglitly. W'lien cyanog^cn is made fVoin cyanide of mercury 
sealed up hermetically in a glass lube^ the cyanogen distils back and condeuses la 
the panuTanic resldne of the distiiktioii, bat the pressure of the faponr at oomnMHi 
temperatorea is still as great, or very nearly so, as if the cyanpgen were in a dean 
separate liquid state. 

A measured portion of liquid cyanogen allowed to escape and expand into gas. 
In this way one volutnc of liquid at the tpmperature of 63" Fahr. gave 393*9 volumes 
of gas at tbe same temperature and the boiometric pressure of 30 2 inches. If 100 
cubic inches of the gas be admitted to wdgfa 5&'& grains, then a cubic inch of the 
liquid would weigh 318*S grains. This gives its specific gravity as 0-866. When 
fint oottdraised I estimated it as nearly 0*9. 

Cyanogen is a sMl>>;t:inrc which yielded on different occasions results of vaporous 
tension differing nuich iVuin each other, though the substance appeared always to be 
pare. The following are numbers in which I place some confidence, the pressures 
bjring in atmospheres of 80 inches of mercury, and the marked results experimental*. 



Fab*. 




Fmu. 


AtOMMplMfM. 








• 

0 


. . 1*25 


. 


. . 2-72 


77 . 


. , 6-00 


/or 


B'ft . 


. . 1'5 


«44'S . 


. . 3*00 


«79 . < 


. . 516 


• 


»*J0 


. . 1'6S 


•'48 


. , 317 


83 . . 


I . 5"50 




16 


. . l'7a 


w50 


. . 3*28 


88*3 . 


. GOO 




wao 


. . 1-80 


»62 


. . 3*36 


«93*5 . 


. . 6*60 






. . 2-00 


64*3 . 


. . 3*60 




. . 8 64 






. . 2-20 


«63 


. , 4*00 


08-4 . . 


. . 7-00 






. . 2*37 


-70 


. . 4*50 


^'lOS . . 


. . 7'50 




34*5 . 


. . 2*50 


-74 


. . 4*79 









jimmoma. — ^This body may be obtained as a mlid, white, translucent, crystalline sab- 
stance, melting at the temperature of 103^ below 0°i at which point the solid sub- 
Stance is heavier than the liquid. In that state the pressure of its vapour must be 
Tery small. 

- Liquid ammonia at 60° was allowed to expand into ammoniacal gas at the same 

temperature ; one volume of the liqui i rn%'c 1009*8 volumes of the gas, tbe barometer 
being at the pressure of 30'2 inches, it 1 Ou cubic inches of ammoniacal gas be allowed 
to weigh 18*28 grains, it will give 184 6 grtdns as the weight of a cubic inch of liquid 
ammonia at 60°. Henoe its spedfic gravity at that temperatore will be 0*731. lo 
the old Mcperiments I found by another Icind of process that its specific gravity was 
0'78at ftO". 

* See Bvmsii** iMnltn, BiblMth^que UnhoMlk, 1839. znii. p. ItS. 
MOCCCXIV. ' S 
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The Ml0inB|^ li a ttlik of ll» prcinre «f amai^^ 
hcfmy beng A«» obtdned bj ezpeciBait»— 







Fas*. 




Fin. 




^'d . 


, . 2*48 


«>4I 


. . 5*10 


"61-3 . 


. . 7*00 » 


0-3 . 


. , 2-50 


-44 


. . 5-36 




. . 7^50 




. . 300 


•'45 


• . 5*1. T 


-67 


. . 7*<S3 




. . 3-50 


45-8 . 


. . 5-50 


69-4 . 


. . 8-00 


v21 


. . 8-72 


-49 


. . &-S3 


73 . 




25*8 . 


. . 4-00 


'^51'4 . 


. . 6*00 


78-8 . 


. . 9nio 




. . 4 04 


«52 


. . «-io 


80 


. . 9W 




, . 4-44 


»'55 , 


. . C-38 


-83 


. . 10-00 




. . 4-50 


«56-5 . 


. . 6-50 


85 


. . 10-30 


39-5 . 


. . 500 


w60 


. . fiOO 







^rsen'niretted Hydrogen. — This Imm'v. Itquefietl by Dumas and Soubeiran, did not 
solidify at the lowest temperattirc to which 1 could submit it, i. c. not iit Hi(y below 
U FAHii. la the fuliuwiug tabic uf the elasticity of itb vnpoui the luatkeU result!) aie 



csperinwotal, and the others iikterp«lated : — 












Pad. AI 




Fau. 




•*-7*& . 




~a6 . . . 


2^ 


^'lO . 


. . 6r24 


-70 .. 


.. liw 


» . . . 


3'32 


««20 . 


. . 7-89 


w--«4 . 


. 1*26 


—20 . . . 


3*6 1 


30 . 


. .. 8*66 


—60 . 


. 1-40 


-10 . . . 


4-30 


-32 . 


. . 8-9» 


w — 52 . 


. . 173 


" — 5 . , . 


474 


«40 . 


. . 1005 


— »0 . 


. . 1-80 


0 . . . 


5-21 


-30 . 


. . 11-56 


—40 


. . 2-28^ 


3 . . . 


&a6 


-60 . 


. . 1319 


—36 . . 


. . 2*M) 











Tbe foUoieing; bodies would not freeze at the vciy \ow temperature of the carbooic 
acid bath hi vacuo (—YG^Yahvl.) : — Chlorine, ether, alcohol, sulphiiret of carbon, 
caootchoncrne, camphine or rectified oil of tnrpeiitine. The alcohol, uaoutcboucine, 
and caniphine lost fluidity and thickened somewhat at — 106°, and still more at the 
Imrer temperatore of — 166^. The alcohol then poored from side to side Uke an oil. 

Dry yellonr fluid aitivM add when coded bdov 0^ Iomb the greater part of its 
coloar, and then fuses into a white, crystdline, brittle and bat dq^tly Inuulocent 
substaoccy which fnsrs i little above O^Fahr. Tlie green and probably hydnited 
acid required a mucli lower teinpcruturc for its solidification, and then became a pake 
blaish solid. There were then evident iy two bodies^, the dry acid which froze mit 
first, and then the hydrate, which requires at least —30° below 0° before it will 
aolidify. 
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«Gid tath in mom, efm at the pretmm txpre8MMi»~ 



Hy<lro*^ nt ..... 27 

Oxygen at S7 

Nitrogen at 50 

Mitrie«nle«t M 

OMMnieoKideU . ... 40 

Coalgaa 32 



The difference in tlio facility of leaUage was one reason of the difference in the press* 
lire applied. I found it impossible, from tl)i* cau«e, to raise ttic pressnrr nf liydrof^en 
l)i:,'licr than twenty-seven atmospfieres by an apparatus that was quite tight enough 
to confine nitrogen up to double tiiat pressure. 

M. Caoniaud db iiA Tour has shown that at a certain temperature, a liquid, uiider 
safficient presinre* becomes clear transjnicBt vapour or g«8,1iaving the same bulk as 
the liqnid. At this temperatavCt or one a fittle faiigfaer, it is not likely that any iiu i ta<;e 
of pic>^'m !'. except perhaps one exceedingly great, would convert the gas into a liquid. 
Now tlie teinpernture of IGO" below 0°, low as it is, is probably nlmve this point of 
teuq>eratui'e for hydrogen, and perhaps for nitrogen iiud oxygen, and then no oom- 
pression irithoot the ooiijoint application of a degree of cold belovr that we have «s 
yet ohtainwij can be expected to talce from them thmr .gaseoup state. Farther, as eth^ 
assnnes this state liefore the pi-essure of its vapoar has acquired thlrtj-e^ht atmo- 
spheres, it mof^ than probable that gases which can r«?sist the pressure of from 
twenty-seven to fifty atraosplieres at a temperature of 16<»^ below b° could never ap- 
pear as liquids, or be made to lose their gaseous state at coniiaon temperatures. 
They may probably be brought into the state of very condensed gasea^ but not 
liquefied. 

Some very interesting experiments on the compression of gases have been made 
by ^f. O. AiME*, in which oxygen, olefiant, nitric oxide, carbonic oxide, fluosilicon, 
hydrogen, and nitrogen gases were submitted to pressures, rising up to 220 atmo- 
spheres in case of the two last ; but this was in the depAs of the sea where the 
resolts under pressure could net be examined. Several of tbem were diminished in 
bsSIc in a ratio 'fiir^^reater than the pressure pot upon them ; but botii M. Cav.mard 

DE LA ToT'R TiTifl M. Thilorteh have sho%rn that this is often thr cnse whilst the .sub- 
Stance retains the gitseoiif^ forni. It rs possible that olefiant gas and fluusilicon may 
have liquefied down below, but they have not yet been seen in the liquid state except 
in my own experiments, and in Ihw not at temperatums sibove 40^ Fahu. Tb* in- 
sults wHh oxygen are so unsteady and contntditCiKy as to cause donbtin ngiud to 
those obtained -with the other gases by the same process. 
Thus, though as yet I have not condensed oxygen, hydrogen, or nitrefen, the on- 

* AandMde Chimk, I84S< TiiL 275. 
z 2 
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^nal olijecta of my iianail, I have added tux snbitanoef^ tmialiy gaseoue, to the list 

of those that could previously be shown in the liquid Btate, and have reduced 8ev«B» 
including ammonia, nitrous oxide, and sulphuretted hydrogen, into the solid form. 
Anf! tho!i«!;h the numbers expressing tension of vapour cannot (because of the difficoU 
ties respecting the use of thermometers and the apparatus generally) be considered as 
exact, I am in hopes they will, aspist in developing some general law governing the 
vaptNTintion of alt bodies, and also in UlnstratiDg the pby^l state of gaseoas brnfics 
as they are presented to ns under ordinary tempeiature and incasare. 

■ 

Botfttl Ituiitutkm, 
Nov, 15, 1844. 

Hcn^jidtUtional remarks respecting ike Qmdamthm ^ Gam. 
% M icHABi* Faraimv, JBtq, 

AeMfiMd Mmiy ilO.^-]iMd Fdwuuy 20. 1845. 

Nitrous oxtde. — Suspecting the presence on former occasions of nitrogen in the 
nitrons oxide, and mainly because of muriate in the nitrate of ammonia used, I pre- 
pared that salt in a pure state from nitric acid and carbonate of ammonia pre- 
viously proved, by nitrate of silver, to be free from muriatic acid. After the nitrous 
oxide prepared front this salt had remained for some days in well'Claaed bottles in 
contact with a little water, I condensed it in the manner already described, and 
when condensed I allowed half the fluid to escape in vapour, that as much as poesible 
of the less condensable portion mi2:ht be carried off. In this way as much gas as 
would till the capacity of the vessels twenty or thirty times or more was allowed to 
escape. Afterwards the following series of pressures was obtained 



Fahk. 


Atmoephcrcs, 




Atmoijihercs. 


Fabr. 


Atmosphere*. 


— 125 . 


. . 100 


e 

-70 . 


. . 4-11 


* 

-15 . 


. . 14-69 


-180 . 


. . MO 


—05 . 


. . 470 


-10 .. 


. 10*16 


-116 . 


. . 1*22 


-60 . 


. 5*36 


— & . 


. . 1770 


— 110 . 


. . 1*37 


— 55 . 


, .. 6 09 


0 . 


. 19-34 


— 105 . 


. .. 1-55 


-50 . 


. . 6-89 


5 . 


. . 2107 


— 100 . 


. . 177 


—45 . 


. . 776 


10 . 


. . 22*89 


— 95 . 


. . 203 


-40 . 


. . 871 


15 . 


. . 24 SO 


- 90 . 


. . S'34 


-35 . 


. . 974 


20 . 


. . 20^80 


- 85 . 


. . d*70 


—30 . 


. . 10*85 


25 . 


. . 28-90 


- 80 .. 


, . 311 


-25 . 


, . 1204 


30 . 


. . 3110 


- 75 . 


. . . 8*58 


1 -20 . 


. . 13*32 


36 . 


. . 83*40 
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TbcM) nnmbcn may all be taken as the icsalti of experlmeitte. Wfaere the teiii- 
peiBtares are act those actaally observed, they are in atmost all cases within a degree 

of it, and proportionate to the efihets rseUy ohosnred. The departure of tlie rm\ ob> 
scrvations from the nTirnber*? (r'wfn is very small. This table 1 consider as far more 
worthy of confidence timn tije luriner, and yet it is manifest that the curve is not 
consistent with the idea of u pure Hingle suhstancei for the pressiures at the lowest 
lemperBtare are too high. I believe that there are still two bodies present and that 
the more volatile^ as before said, is condensable in the liquid of the less volatile ; but 
I ddnk there is a fiur smaller proportion of the more volatile (nitrogen, or whatever 
it may be) than in the former civ^c. 

Olefiant ga^. — Tlie okfiant gas condensed in the former experiment was prepared 
in the itixlinary way, nsing excellent alcohol and snlphuric acid ; tlien washed by 
agitation with abont half Its bnik of water, and finally left for three days orer a thick 
mixtnre of lime aad water with occasional agitation. In this way all the snlphnroos 
and carbonic acids were removed, and I believe all the ether, except such mlnnte 
portions as could not interfere with my results. In respect of the ether, I have since 
found that the process is satisfactory ; for when I purposely added ether vapour to 
air, so as to increase its bnlk by one-tbird, treatment like that above removed it, so as 
to leave the air of its original volume. There was yet a slight odour of ether left, but 
not so much as that conferred by adding one vohinie of the vapour of ether to 1300 
or 1500 volames of air. I find that when air is expanded ^th or ^rd more by the 
addition of the vapour of elher, wa'shlne first of nil with ribont j^^th of its volume of 
water, then again with about as much water, and lastly with its volume of water, 
removes the ether to each a degree, that though a little smell may remain, the air is 
of its original volume. 

As already stated, it is the presence of other and more volatile hydrocarbons than 
olefiant gas, which the tensions obtained seemeil to indicate, both in the gas and the 
liquid resulting (rom its condensation. In a further search after these I discovered 
a property of olehaut gas which I am not aware is known (since I do not find it re> 
' Ihrred to in books), namely its ready solaUlity In strong alcohol, ether, ml of turpen- 
tine, and such like bodies*. Alcohol trill take up two volames of tMs gas ; ether can 
absorb two vohimes; oil of turpentine two volumes and a half s and olive oil one 
volume by agit^ition at common temperatnres and pressure; consequently, when a 
vessel of oletiant gas is transferred to a bath of any of these liquids and agitated, 
absorption quickly takes place. 

Examined in this way, I have found no specimen of cleflant gas that is entirely ab> 
sorbed ; a reMdoe always remains, which, though I have not yet had time to examine 
' it accurately, appears to be light carburetted hydrogen ; and I liave no doubt that 
this is the substance which Ims mainly interfered in my former results. This snb- 

* 'WriTt T n= Br.nTFl.Tr* and Othen have pointed out, diFsrlirJ aTiout )Sth its volume ^ ddbat fM, bott 
■ find Utat it al»o learn an insoluble midae, which burns like light carburetted hydrogen. 
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•tMOtt fti>p«ar8 to te prodaced ia emy stage of Ibo prefiantlMi of oldhmt pm. On 
taking sis diAmt portiaqs of gu at dilferent equal intervvls, fiwni first to last, 

during one process of preparation, after removing the salpharoas and carbonic acid 
and the etber as before de-icribed, tbcu the following- wjx& Che proportion per ceat. 
of tnsoliUila gas in the remainder when agitated aith oil of tnrpeBtme, 10'&; 10$ 
10*1; IS"!* SB'S t WhettNT ovtaie wide Via pamt im any of tbete m- 
dteolved portiona I ca&not al pveaent aay. 

In refcrenoe to tbc part dlasolvad, I wish as yet to guard myself from being aofh 
posed to assume that it is one uniform snbstanre ; tfiere ie j»idee(i little dtiubt tLat 
the contrary is true ; for wliilst a voluint^ of oil ot turpentine intixiduci d into twenty 
tiiueii its volume of oiutuiut gas cleared from ether ami the acids, absoiits 2^ volumes 
-of the gas, the sanw Tolanie of fieah oil of tnr|waAi«a bfongbt into riniihr oontnet 
with abttodraoe of the ^ whkdi icmaioi whan one^hnlf haa been tvnovnd by tola- 
tion only dissolved 1'54 part, yet there was an abundant sofplus of gas which woidd 
dissolve in fresh oil of f nrpcntirte at this latter rate. When two-thirfis of a portion of 
fresh olcfiant giis were rctnovc<i by solution, the Ui0i>t soluble portion of that which 
remained it»(uii'ed it8 buli< of fresh oil of turpentine to dissolve it. Hence at tirst ooe 
volnne of cnmpfaUw <Ui8olTed S*60^ b«t wbea the ridier portion of the gaa was t«> 
moved, one volnnie diaaolf«d V64 pnii ; «nd when atill move of the pa vni talten 
away by solution, one volume of carapbine dissolved only one volome of the gas. 
'I'his ran only be acconotod for by the presence of various cooipounds in the sohiUe 
portiuti uf the gas. 

A portion of good olciant gas was prepared, weU-agttaled vith its bnUc of water 
in oloae vesaels, left ofcr lime and aater for three days* and then coadaaaed as be- 
fore. When much liquid was condensed, a eoocidcrablc proportion was allowied So 
escape to sweep out the uncondeased atmosphere and the more COadcngaMe japowt ; 
and then the foUowing praisores were obeetved . — 



Favk. 


AttnosphercB. 


FAint. Atmospheres. 




Atmospheres. 


-105 . 


. . 400 


—or* . . . 8-30 


-30 


. . . 16-22 


— 100 . 


. . 4-82 


—60 . . . 914 


-25 


. . . 17"75 


— 95 . 


. . 510 


—56 . . . 10 07 


-90 


. . . 19-38 


— 90 . 


. . 5*44 


—50 . . . IMO 


—15 


. . . SMI 


- 85 . 


. . 5*84 


-46 . . . 13-23 


—10 


. . . 22-94 


— 80 . 


. . 6-32 


-40 . . . 13-46 


— 5 


. . . 24-87 


- 75 . 




-35 . . . 1479 


0 


. . . 26-00 


- 70 . 










On cxanii 


ning the form 


of the curve given h\- these 


pressures, 


it is very erident 



-that, as on former occasions, tin; pressures at low temperatures are too great to allow 
the condensed liquid to be considered us one uniform body, and the form of the carve 
at the higiier preasaies Is. quite eaougb to prove tliat bo ether was present either ia 
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thm or the fonoer ttm^ On pcrmittiiig the liqtud in the tube to expand into gas, 
and tmliag 100 purls of tin* gas wHli oil of tntpeiiliM,«ight74iiiie parts vcfe di»> 
a(ilfied,«»4elev«B pacli icmained inaoloblft, Tbam caa be no doubt that flie p>as en ea 

oi this latter snbstance, soluble as it is nnrler pressure- in the more condensable 
portions, is the camf of the irr^pilarity of the ontve, and the too bigh premire at 
the k>wer tempemtui^es. 

Tba elhcnal adutioa af akfant gas beiag aibced irith eight or i^ae times its 
valoM of water, disiolvad and giadoally minate babbles of gas appcamd, the sepa. 
ration of ^ioh was luuitcned by a little beat. Iti this mj about half the gas dii. 
solved was re-obtained, and burnt like vcrj' rich oiefiant fras. One volnme of the 
alcoholic solation, v. itti two volumes of watei-, gave vety little njipparance of separating 
gas. JBren the application of beat did not at first cause the separation, but gradn- 
aUr aboat half the dissolved aMane gas aras fiberated. 

The sqparatiaii of the dissslved gas by water, heat, or change of pressnra froai Its 
solutions, wil\ evidently supply aNans of piroonring oiefiant gas in a greater state of 
purity than ficn tofore ; the power of forming" these solutions will also very mnch 
assist iu the coi n et analysts of mixtures of hydrocarbons. I find that liglit car- 
buretted hydrogt;a is hardly sensibly soluble in alcohol or ether, and in oil of turpen- 
tue the proportion diisolTcd is not probably the volnufe of the fMA employed ; 
bat the fattber devdopncnt of these poiala I mast leave liur the present. 

Cwionk acid. — ^This liqaid may be retained in glass tubes furnished with cemented 
caps, and closed by plugs or stop-rocks, as dpsrrihpci, but it is important to re- 
member the softeniuiBr action on tlie cement which, being continued, at last redures 
its strength below the necessary point. A tube of this kind was arranged on the iOth 
of January and left i on lihe 16th of Fdtmary it expkidcd, not by any ftaetnre d tho 
tnbe, for that remained anbrolcett, but simply by throwing off the cap throngh ft 
^ure of the cement. Hence the cement joints shonid not be used for long cxperU 
ments, but only for those endnring for a few days. 

Oxt/gen. — Chlorate of potassa was melted and pulverized. Oxide of manganese was 
pulverized, heated red-hot for half an hour, mixed whilst hOt with the chlorate^ and 
the mbcture put into a long strong glass generating tube with a cap cemented on, 
and this Mm then attached to another with a gauge for oondensation. The heat of 
a spirit lamp carefully applied produced the evolution of oxygen without any appear- 
ance of water, and the tubes, both hot and cold, sustained the force eenerated. In 
this manner the pressure of oxygen within the apparatus was raised as high as 58*5 
atmospheres, whilst the temperature at the condenmng place w:as reduced as low as 
— 140^ FaHa., bnt no oondensation appeared. A little aboTO this preamre the cement 
of two of the caps began to leak, and I oonki cany the observation no forther with 
tidsappamtns. 
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. Fnmi ^ ferniM' M»nty and inaperfect expreRdom of the elaaticity of Um wmpmu 
of the condensed gases, Dotk was led to pat forth aang^tion*, whether it might not 
nltimatdy appcut- that the aaoie addition of heat (expressed in degrees of the ther- 
mometer) causeil the same additional increase of expansive force for all gases or 
vapours in contart with their liquids, provided the observation fiepan with the same 
pressure in all. Thus to obtain the difference betn'een forty-four and titty atmospheres 
of pressure, either with steam or nitrous oxide, nearly tbe same number of degrees of 
heat were required ; to obtain the diffierenoe between twenty and twaity-^ve atmo* 
spheres, diher with steam or muriatic acid, the same number were required. Such a 
law would of course make the rate of increasing expansive force the same for all bodies, 
and tht' cm ve laid down for steam would apply to every other vapour. This, however, 
does not ap|)caf to be tlie case. That the force of the vapour increases in a gconietrical 
ratio fur equal increments of beat is true for all bodies, but the i-atio is not the same 
for all. As far as observations upon tbe firtlowing substances, namely, water, sul- 
phurous acid, cyanogen, aromoiua, aiseninretted hydrogen, sulphuretted hydrogen, 
muriatic acid, carbonic add, oleiiant gas, &c., justify any concludon respecting a 
general law, it would appear that the more volafih- a body is, the more rapidly does the 
force of its vapour increase hy furtlier addition oi heat, commencing at a given point 
of pressure tor all ; thus fur an iucrea^ie of pressure from two to six atmospheres, 
the following number of degrees require to be added for tbe diflerent bodies named : 
water 4t9^, sulphurous acid 09% cyanogen 64°^5, ammonia 00", aneoluretled hydrogen 
54% sulphuretted hydrogen 56^-5, muriatic add 43°, carbonic acid 32^-5, nitrous Oiide 
30° ; and thonirh some of tiiese numbers are not in tlie exact order, and in other cases, 
as of olefiaiit i:as and nitrous oxide, the curves sometimes even cross each other, 
these circumstances are easily accounted for by the facts already stated of irregular 
composition and the inevitable errors of first resolts. There seems every reason 
therefore to expect that tbe increasing dastidty is directly as tbe volatility of the 
substance, and that by further and more correct obsen'ation of the forces, a general 
law may he deduced, by the aid of which, and oidv :i sins^le observation of the force 
of auy vapour in contact with its fluid, its elasticity at any other temperature may be 
obtained. 

Whether tbe same hwmay be expected to oontinue when tbe bodies approach near 
to tbe CAONiAao db la Tooa state is doubtful. That state comes on sooner in refierence 

to the pressure required, aceordhig as the liquid is ll|^ter and more expansible by 
heat and its vapour heavier, hence indeed the great reason for its facile assumption by 
ether. But though with ether, alcohol and water, that substance which is most 
volatile takes up this state with the loweitt passure, it does not follow that it should 
always be so ; and in fact we know that ether takes up this state at a pressure be- 
tween thirty-seven and thirty-eight atmospheres, whereas muriatic add, nitrons oxid^ 
carbonic add and oleiiant gas, which are &r more volatile, anstnn a higher pressure 
* PbNWVORfr's Anadsn* siiH. 9M>; or Taono* «a Htat ni Bte etr id t y. 9. 
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than this M itlioiit assuiuhig^ that peculiar state, and whilst their vapours and liquids 
are still considerably diiTercut from each other. Now whether the curve which ex- 
presses the elastic force of the vapour of a given fluid for increasing temperatures 
oontinoes andistarbed after that fluid has passed the Caonurd m la Tour point or 
not is not known, and therefore it cannot well be anticipated whether the coming on 
of that state sooner or later with particular bodies will influence them in relation to 
the more general law leftired to above. 

The law already suggested gives great encouragement to the cutitinuance of those 
efforts wlndl are directed to the oond«ualion of oxygen, hydrogen and nitrogen, by 
the attainment and applicatiiMi of lower temperatures than those yet applied. If to 
reduce carbonic acid from the pressure of two atmospheres to that of one, we require to 
abstract only about half the number of degrees that is necessary to produce the !<ame 
effect with sulpburouti acid, it is to be expected tliut a far less abetractiou will suffice 
to produce the same effect with nitr(^en or hydrogen, so that further dinuuution of 
temperature and improved apparatus for pcessure, may very well be expected to give 
us these bodies in the liquid or solid state. 

Royal Institution f 
Feb. 19, 1845. 
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Adjudication of the Mbdals of the Rotal Sociitt for the year 1846 by 

the PftEsioBNT and Covncil. 



The Copley Medal to Professor Thomas Scbwann of Loovain, for his Physiological 
Researches on the development of Animal and Vegetable Textures. 

The Royal Medal, in tlu; (icpui tincrit of Astrontjiny, to Gkoror Biddell Airv, Esq., 
Astronomer Royal, for his Paper entitled " On the Laws of the Tides on the Coasts of 
Ireland, as inferred from an extensive series of observations made in connexion with 
the Ordnance Survey of Ireland," published in the Philosophical Transactions for 
1845. 

The EoYAL MaoAL, in the department of Phywology, to Thohab Snow Bbck, Eeq., 
for hia Paper entitled ** On the Nerves of the Utema,** oorammucated to the Society 
in 1646, and ordered for publication in the Philoaophical TVanaactions. 



The Paper appointed for the Baktrian Lecttxre in 1845, is Prolessor Daubbnv's 
Memoir, entitled " On the iiotutiuti ut Crops.** 



Digitized by Google 



CONTENTS. 



VIL Memoit tm the BoiaHon of OupSf end m the Q»mtiig of bmrgMtic Maiien 
abstracted from the Soil by various Phmia under different circumiduuvf.s. 
By Charles Daubeny, M.D., F.R.S., ^c, Honorary Member of the Hoi/ai 
Engli4h Agricultural Society, and Professor of Rural Economy iti the I'nlvetsity 
of Oxford page 1/9 

VIII. An Account of the Artifiriat Formation of a f^egeto-Alknll Rtf Gkorcb Fownks, 
Ph.D., F.R.S., Chemivul Lecturer in the Middkstx Huspital Medhnf Srhoal. 
Communicated by Thomas Graham, Esq., F.R.S., 8^c 253 

IX. On Benzoiine, a new Organic Salt-hase from Bitter Almond Oil. By Gkorcji! 

FowNRs, Esq , Ph D , FJi.S •_'():{ 

X. On the Elliptic Polarization of Light by Reflexion from Metallic Stirfaces. 

By the Rev. Baden Powbll, M.A.f F.R.S.f F.G.S., F.R,A^.f Savilian Prqf essor 
of Geometry in the Unwerrify of O^md 469 

XIi Electro- phy siological Researches. — First Memoir. The Mttscular Current. By 
Signor Carlo Matte ucci, Profemr in the University of Pi^a, S^c. Sgc. Commu- 
meaied Miohabl FAiuoAr, £sq*t FJtS,, Sfc.^ 988 

XII. Electro-Physiological Reseurc/ies. — Second Memoir. On the proper Current of the 

Frog. By Signor Caww Maitbvcgi, Prqfemor in the Umverst^ i^Fisa, 8^ c. H^-c. 
Oommumeated Micrabi. Fakaday, £^., F.RJS^ ^e, 8fc 297 

XIII. J^ednhPkysiological Beeearehet. — Third Memoir, On Mdneed CoMraetkma. 

Signor Caku> Maitbvcgi, Pr^tseor in the Umoersity Piaa, 8fc. Sfc. 
Commumcttted W. Bowman, Etq., F.R.$. 303 

XIV. On the Temperature <^ Man, John Davy, MJ}^ PM,S.L, % S.» Impector- 

OeneredqfAnnf BoepUale 319 

XV. Canh'ihdSmu to the Ckemijitry of ike Urine. On the Fariatian* in tke AtitaUne 

and Earthy Phosphates m the Healthy State, and on the Alkalescence ef the 

Vrinefnm Fixed Alkalies. By HSNRV Bencb Jones, M.A., Cantab., Feltom 
of the CoUege of P^friciane. QmmttmiaUed by $. Hvntbr Christib, Esq., 
Sec.R.S. 335 



Digitized by Google 



[ vili ] 

XVI. On the Gas yoUaic Battety. — Voltaic Action of Phosphorm, Sulphur and 
Sfyitoearimu. Bg W. R. Giioni, Est/., M,J., F.R.S., F^,R.l., Prof. Exp. 
PhiL, London ItuHMion 851 

XVII. On the Camipounds of Tin and lodme. Thomas H. Hknry, Esq. Commu- 
mcafed R. Fmuun, E§q^ F.R^. 363 

/jMfec 369 

AnMNDtz. 

Fretentt , [ 1 ] 



Digitized by Google 



PHILOSOPHICAL TRANSACTIONS 



VXI. MaiUHr on the Rotation of Crops, and on the Quantity of Hutrgaitte MaUett 

iAgtraetedfrom the Soil by various Plants under different dramstmuxt, 
Jfy Cbarlu Daubrny, M.D., F.R.S.y S^c, Honorary Member ^ the Royal EagUA 
AgrieuUuralSoeieijf, mdPr^fefor^ Rural Eeommjfm the Umoerrify^O^ord, 

Bflodrad Umj 5.— Bead Utj 99, 1845. 

Qmtent*. 

IntndiietioOt 

ftrtl. — On the quantitjof produce afatauaed from thewtCidiiloliiif gnMlid»Mdi7avllmiiiglioiitdl*panQd 

dttfing whkh tli« experiments were continued. 
Put 11.— On fte ehemkal compodtion of certain crops cultiyatcd in the fiotenic Qarden, and on the amount 

of inorganic principles abstracted by them from the toil duriofilM period til* eSpcriaent* were conducted. 
Put III- — On the chemical cumpot-Uiou of tlic suil in which the mipe wan gfOWB. md CO the pmpOCtiMl of 

its ingredients that was avaiinble for the purposes of vegetation. 

Attroduethn. 

In laying before this Society an account of certain experiments which I have under- 
taken with the view of elucidating^ the principles upon which the advantage of a ro- 
tation of crops in husbandry depends, it may be proper that I should in the first 
instance state the circumstances under which they were comnwnced, as well as those 
which led nie during the course of them to deviate in some respects from my original 
plan of proceeding. 

During the prosecntion of a set of researches which embraced a penod of raore 
than ten years, it iniglit natnrrtlly he expected, that the views at first entertained 
would become modified^ and thut urrangements deemed sufficient for currying out 
the original plan sboidd appear unsatisfactory, in proportiim as glimpses of other 
troths, than those which enlightened us at the outset, began to open npon the field of 
oar inquiry. 

Thus, when fii sf T (loterniined to apply a portion of the ground at my disposal to 
experiments having reference to the rotation of crops^ the scientific world was ge- 

MOCCCXLV. 2 B 
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aenlly im pressed io fiiTonr of « tbemy which ^ celebrated Db Candocu had so 
ingeniously and eloquently nwintaiaed ; namely, that a soil became nnfttted for sop- 
porting a second crop of any given plant, in consequence of the deleterions Influence 
exerted upon it by juices excreted from the former one. 

My original object therefore was, — first, to detect, if possible, the chemical nature 
of these suppoml excretions ; unci h<t'condly, to demonstrate titeir poisonous influence, 
by taking account of the expected diminution in the amount of the crop exposed to 
then, h^nd that of another in which all the circnmstanees were the same, except- 
ing the presence of the excretions in question. 

To accomplish these two objects, it seemed sufficient to set apart a number of plots 
of ground uniform as to the quality and rlcfiness of its soil, planting ono-balf of the 
number ye!\r after year with the same species of crop until the land no long'pr pro- 
duced it, and the other uioiely with crops uf the suine description, succeeding one 
another in such a manner, that no one plot shonid receive the same tirioe duriiig 
the period of the contlnnance of these experiments, or at least widiin a short interval 
of one another. 

By weighing the produce of t ;i( Ii plot, reduced to the same onifonn condition of 
dryness, when it had arrived at matui ity, I hoped to obtain data for romputing^, how 
much of the expected diminution might be referred to the exhaustion ot the ground, 
and how moch to the effect of exoredons which the preceding crop had given out. 

The influence of seasons indeed is in all these cases one of the most important 
elements in the calcniation, yet by taking the avei-age of a number of years, it was 
hoped that this snnrcc of error miglit be eliminated, and that whilst the mean of the 
crop obtained duringthe latter half of the period, as compared with that of the former 
half, might suggest the rate of exhaustion brought about by ttie annual demand made 
upon the resources of the soil, the diflerenee between the permanent and the shifting 
crop in each instance might tend to show, in what d^^ree the excretory Amotion of 
each plant contributed to the result. 

Assuming, therefore, on the faith of the then existing authorities, that soil would 
soon become deficient in the food which was required for the plants grown in it, 
and moreover that, even if not exhausted, it would become unsuitable to their 
growth, by being contauiinated with the excretions from preceding crops, I conceived 
it unnecessary either to undertaice an analysis of the soil itself at the commencement 
of ny labours, or to Inquuw into the cben^cal constitution of the crops which I had 
oibtidBied in the course of them. 

Supposing, as was then too hastily assumed, that the composition of each vegetttble 
was tiniforin, and iiad been already ileterniined with sufficient precision, it should 
follow, that the amount of produce ought in itself to be an iudex of the quantity of 
inorganic matter abstracted from the soil, and that the number ttS crops obtained 
before the soil became effete would indicate the rehitlve richness of the latter in 
those ingredients which were essential to the growth of the plant io question. 
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Al I proceeded however iu my experiments, I begaon to 6n{i« (hftt Ixftb the poetn- 
Itlee on wliiob I had built were muKmnd, for neither wm I able t» detect any foreign 
organic natter in the suil, referable to the excretions of tbe crop which had grown 
in it*, nor did I find that uniform difTcreniH; between the shiftinir ntx! the pennanedt 
crop, to the disadvnnta^r- uf the latter, which I sboultl have expected upon tbe prin- 
cipleti uf Db Canuollb's theory. 

Moreover, the naearchcs of Biaoonmot, which have eSnoe been mad^ known to tbe 
world, tended itill fhrtber to throw donbt upon the trnth of the facta on which the 
doctrine of excretion reposed, and when no longnr swayed by the authority of the 
diRtingnished atithor of the theory in question, I perceived more clearly the difficulty 
of reconctlutg it with many facts or opinions that seemed current amongst agricul- 
turists — such, for instance, as tbe growth of repeated crops of tbe most exhausting 
plants tn certain rich allnvial) or newly settled oountriea i the oootinUanee of a plant 
in a state of natnre for ages in the same locality ; and lastly, tbe views of Linno, 
which went to prove, that the food of plants, so far as their organic constituents are 
concerned^ is derived in all instances from the elements of air and of water. 

No sooner, therefore, bad I become suspicious as to the truth of tbe opinion which 
I had fwevionsly entertained as to the sKoretions from tbe roots of plants hdng 
capable of explaining the falling off of a crop after repetitidn, than 1 fdt dtisirous of 
shaping my inqutries in such a manner as to ascertain, if possible, which of the other 
two conceivable explanations might deserve a preference ; whether, for instance, the 
falling off of tbe crop was attributable to a failure in the soil of organic matters fitted 
fur its nutrition, or of those inorganic materials which it cquuiiy required. 

* Hm aoiU diat Memed to tat tneat WkiAf to tdMi indicKtiow of dM pteaenee of root cxeratlou «m Chow 

which hkd rettrcd crop« of poppiei? and of tobacco for eevernl years in suecfision, the former plant containing, 
in morphia and nwoonic acid, product* readily reoogoizablc by chemical teat*, and the hitter one sufficiently w 
in ■kodiw. 

t meeoidiBglr dfMtcd «ftad portioBi of As aotk* uuniBtiag in «acli iaaliiaM to 6U».» in mtir far wmal 

hours. 

The water dniBcd off was eraporatsd, and fhea fltand. 

The daw aototion was first treated with sugar of lead, and the precipitate which fell was collected, and then 
dissolved in water acidiiktcci n-ith eulphuric acid. H&(! uny ineconic acid existed in combination with the lead, 
it would have been thus separated, the metal being precipitated along with the^ sulphuric acid with which it 
fbriM an imolvblv anli. 

None of the teots, however, usually crfiplnyrd for detecting mecnnie acid produced any effect. — rhioride of 
iron dissolved in alcohol causing no red colour, and ammonIo<sulpbate of oc^per aot being rendered green. 

TM liquor fenobiiiir oiler dio klndiictioo «f tlw ngor of kn4 i^bt torn conttiMd wMpfah Md in 
Bolutiou by acetic acid To detect it, the lead w as in the first place thrown down by sulphuretted hydropen, 
after removing which, the remaiotog loliition, after being oonoentratedt was treated with ammnnia, which pro- 
daofd n flocoulent precipitate. 

TUii Imrever, ]irov<>d destitute of moipkil, for aothor «M Aoi« 0B7 Uno eoionrna pradncod lij ddofido ot 
iron, nor any redness by nitric aod. 

My attempts to dotaat uootin* ia fh« M& in tvlitli tobnoeo bad been grown proved equally inoftetuoi. 

9b2 
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To determine this, it seemed necessary to appreciate, if possible, first, wbat mate- 
rials the soil might have contained, both before the experiinenlH rommcncetl, and 
after their termination ; and secondly, wliat might be the constiiutiun of the plants 
themselves both in the permanent and the shifting crop, as compared with the normsd 
eondition of tlie same. 

But a» Ihe experiments which I had instituted extended to no len than sixteen 
diflferent species, my object being to select at least one out of each natural family, 
which contained urnong:.st the plants included under it anv of those usually cultivated 
fur farm or garden purposes in this country, it seemed necessary to limit that part of 
the ijiquiry which involved the neeenity of Mb analysis to a portion only of the 
series, and accordingly, in tbe autumn of 1844, 1 selected from the crops grown in 
ttntt year tbe following as the subjects cbemical ezaminatioii, namely, Barlqr, 
Potatoes, Turnips, Flax, Hemp, and Beans. 

Of each of these six plants, the shifting and permanent crops, after having been 
weighed in tiie usual manner, in order to estimate their relative amount, were reduced 
to ashes, so that the proportion of tnorganie to organic matter might in tbe fint 
Instance be determined. 

In conseqoenoe of the largeness of tbe bnik, iron Tessde were necessarily em|ik»yed 
for burning away the volatilizable parts, and hence a portion of peroxide of iron was 
always introduced into tlie ushes, which, being indefinite in qtiaTitity. tendered it 
necessary for ine, in the subsequent analyses, to regard tbe whole ot that ingredient 
as extraneous, and to M^ect it irom the calculation. Tbe same conrae was also par> 
sued with respect lo a certain vaiiabte amount of sand and charcoal always present 
in the asb, tbe former derived evidently fi-om the soil, the latter fiiom the carbo- 
naceous matter of tbe vegetable, wbicb oonld not be entirely removed by the 
combustion. 

Of each of these six plants it appeared necessary to analyse at least three i>peci- 
mena — ^tbe first taken fVom tbe permanent crop^ tbe second from the shifting one, 
tbe third from a piece of ground, not belonging to tbe spot at which tbe experiments 
were carried on, and under ordinary treatment, but corresponding as nearly as pos- 
sible in natural cliin actcr to the soil of the experimental garden. 

Thus this part alone of the inquiry involvetJ at least eighteen distinct analyses, an 
amount ul labour, which, us I soon found, my other occupations precluded me from 
andertaking, and which I was glad to ddi^iate to other hands. 

I therefore esteemed myself fortunate in hdng able to secure the services of 
Mr. Thomas Wav, a gentleman, who bad for the last two years ofliciated as Assistant 
to Professor Graham of University College, London, and who was recommended to 
lue by that distinguished chemist as well-qualified for the task. 

On him, tlierefore, tbe merit, as well as the rcsponbibility, of thiiipart uf the inquiry 
must mainly devolve; all that I can lay cbiim to in this pail of the subject as my 
own, is the having considered. In ooiyunotloii with falm, tlie method of analysis which 
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he nltinately adopted, and .having made inch preliminwy trtab on one of tbe ero|i« 
which he altenrordt analyted, as tended to satUQr me, that on those points in which 
the plan diifeis from that proposed by Dr. Wiu^ onr method deserves the praJenenoe, 

on the score of convenience, if n(»l w ith respect to accuracy. 

In a case of this kind, experience alone can detennine the dpirrm- of cotjfidence 
which is due to tbe ivsults ubtuined, but I ought not to withhold uiy own individual 
testimony to thdr fidelity, from having witnessed the manner in which they were 
oondoMed hy Mr. Way, his perfect fiuniliariry with the processes which he parsned, 
and the scrapolons care taken by him in repeating every step in tbe investigation, 
which presented aaomalons results, or appeared from any cause o^a to suspicion. 

But to complete my design, an analysis of the soil, as well as of the crops which 
grew in it, was requisite, and to thn satgect tliercfore my attention was n»t 
ifirected. 

Now, when we consider the nature of a soil in an agi lmlt ual point of view* or 
in reference to its suitableness for the growth of various kinds of vegetables, two 
questions naturally come before us; namely, what amount of inK-redients capable r>f 
being assimilated in tbe (Hturse of time by the crops dues it coutain ; and secuudly, 
what is the amount of those which are pvesent, in a condition actoally available for 
their purposes, at tbe precise moment when the examination is undertaken. 

Both tlie above points are obviously <]iiitt> distinct from that of the total amount 
of ingredients actually existing in fl c soil, and hence sonve might be disposed to 
add to the lal>our of the two preceding itivestigations, that of ascertaining the whole 
of its constituents, whether in a state to be aDVcted by the ordinary agents of decom- 
position, or not. 

The latter question, however, seems to me to possess, with reference to the agrl^ 
cultarist, only a speculative intemt, and when introduced into a Report intended for 
his use, may hp more liable to mislead than to instru< ^ iiidess due caution be taken 
to point out to him, how much of each ingredient is to he regarded as inert, and how 
much of it as applicable to the future or present uses of the pluut. 

Let us take the case of a natural soil, composed of certain kinds of dnintegrated 
lava, or even of granite, in which it is evident, that an actual analysis, conducted by 
means of fusion with barytes, or lead, or by those other processes which chemists 
employ for flecomfjosing compounds of a refractory nature, would detect the presence 
of a large (jer-centage of alkali, not improbably of a certain amount of phosphat*! of 
lime, and in shuit would indicate an exuberant supply of all those ingredients which 
plants require for their support. NeverthekM a soil of this description, in conse- 
qncoce of the dose onion of the elementary matters of which it conrists, and of the 
compactness of its mechanical texture, might be as liarren, and as incapable of im- 
parting food to plants, as an Rrtifieial soil corn|>osed of jioiiivled glass is known to 
be, notwithstanding the large proportion of alkali which it contains. 
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Thus I have myself obierved*, that the toil which eorara the aerpentine rock of 
Oorawall, a mineral consisting of— 



i>ilica 43-07 

Magnesia 40*37 

Alaraioa 0*26 

Lime 0*60 

Oxide of iron 117 

Water 12'4&— Hisingbs, 



contains so minute a proportion of magnesia, that in an analysis of a small sample 
I altogetUer overlooked its presence, in so great a degt ee does the tnechaoical texture 
of the rock, and the state of combination subsisting between its ingredients, preserve 
it from the decompoein; action d the elements which tend to set loose its treosans. 

Now it seems obvious, that whatever cannot be extracted ttom a sml by digestion 
in muriatic acid during four or five successive hours, must be in such a state of com- 
bination as will render it wholly incapable of imparting anything to a plant, forsnch 
a period of time at least as can enter into the calculations of the agricuitarist : and 
moreover, that all which matiatic acid extracts, but which water impregnated with 
carbonic acid fails in disaolWog, onght to be regarded as at pnesent contributing 
nothing, although It may uUimatdy tMcome available to its purposes. 

I have therefore thought proper to distinguish between the actually avatkible re- 
sources of the soil, and those ultimately applicable to the uses of the plant, designating 
the former as its dormant, and the latter as its active ingredients. 

The portion dissolve^ after digesti<m in muriatic add wiU oontsln tioth the doc^ 
mant and the active ; that taken up by water impregnated with earbonie acid will 
consist merely of the latter ; the difl^rmoe in amount between the two will therefore 

indicate the dormant portion of its contents. 

The dormant and active portions may both be comprehended under the desip^nation 
of its available constituents, whilst those which, from their state of combination in 
the mass, can never be expected to contribute to the growth of plants, may be 
denominated the passive ones. 

Every soil, which is capable of yielding an abundant crop of any kind of plant after 
fallowiuf^, must be assumed to possess in itself an adequate supply of all the ing^rc- 
dicnts necessary for its support in an available condition, but it is plain that these 
could not have existed in an active one, or such an interval of rest would not have 
been required for rendering them efficient. 

Accordingly it is quite posrible, that after ten years cropping, the soil of the expo* 
rimental garden might still retain plenty of ill iline salts ami phosphates, although 
what was ready to be appti(>d to the uses of the plant had for the most part been 
absorbed by the crops previously obtained. 

* Lecture on tlic Application of Science to Agriculture, from tbe Jounud of the Rojal Agricultural Society 
of EnglMid, ToL Si. put t. 
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Willi mvkm iSbm to tbb put of the inqoiryj I proposed toestimate, first, the amoiiiit 
of ingredienti Mverally prcacnt in the anAl which might sooner or later become avsilabie 
for tiie purposes of vegetation ; and secondlyj that of those principles which were in 
a stale to be applied immediately to those uses. It would also have been instructive, 
to determine, by a comparative analysis of the soil, in the state in which it was before, 
and after the experiments had been instituted, tiie loss which had been occasioned 
by the crops in both these particuiai^ ; but as, from the reasons assigned, 1 had neg- 
lected to examine the identical soil of tlie experimental garden before the researches 
commenced, I was obliged to oontent myself with obtaining an approximation to its 
probable constitution, by selecting for cxainhiatiun tliat taken from a portkn of the 
garden, which was immediately conliguoos, but wbicb bad recently been manured, 
and had borne good crops. 

Here also I was assisted by Mr. Way^ who undertook the more laborious part of 
the inquiry, namely, that of detenniniog the entire ampnnt of the available consti- 
tuents present in cerltdn of the soils, leaving to me the task of ascertaining merely 
the nature uf those which could be extracted by water. 

The investigation therefore divides itself naturally into three heads; the first re- 
specting the actual amount of the permanent and shiftinir crops eaeh year obtained ; 
the second, the chemical constitution of the asbes resulting from those which liad 
been burnt for the purpose of examination ; and the third, the nature of the actual 
as well as of the available ingredients of the smi in vhich the crops had been reared. 

PART I. 

On ike quantify of produce obtained from the several plats tjf ground, each year 

throug/iout the period during which the experiments toere coiUimied, 
The following; i)1ants were made the subjects <tf experiment : — 



Spurge . . . 


Euphorbia lathi/ris . . 


from 1835 to 1838 


Potatoes . . 


Stdttnum iuberoaum . 


from 1834 to 1844 


Barley . . . 


Uordeum wtivum . . 


from 1835 to 1844 


Tnrnips . . 


Arassica ntpm . . . . 


from 1834 to 1844 


Hemp . . . 


CmmaMs satha . , . 


from 1685 to 1844 


Flax. . . . 


Limm udtatisdmtm 


from 1835 to 18 U 


Beans . . . 




from 1835 to 1844 


Tobacco . . 


Nicotiana Tabacum . 


from 1834 to 1844 


Poppies . . 


Papaver somniferum 


from 1834 to 1844 


Buckwheat . 


Poli/gonum/agefgfnim . 


from 1685 to 1644 


Clover . . . 


T¥ifUhm frateim . . 


from 1634 to 1844 


Oats. . . . 


Avena sativa 


from 1839 to 1844 


Beet .... 


Bpta t'uigaris . , , , 


from 1839 to 1814 


Mint . . . 


Mentha viridis . , , 


from 1833 to 1814 


Endive . . . 


C^chorium endivia . . 


from 1835 to 1814 


l^ley . . . 


^tttm petroseUnum . . 


from 1835 to 1844 
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A* the «xperimeiit8 were carried on from 1834 to 1844 incluiive, it may be satit- 
fiictory to state in the first instance such of the meteorological characters of these 

years as may be g;athered from the Register kept at tlie RHdcliffe Observatory, rela 
tive to the mean teiiijK'ratiire, or fruoi my own observations made at the Botanic 
Garden, Oxford, as to the amount of i-ain. 



Ymt. 


Indba of 


■ImmwI 


Variation -f or 
— (tlwTC or be- 
lom) the mean 
of the period. 


Mean 

tempentun 
of tjie year. 


VariatioB + ar 
— (abort or be- 
lo«)t]»enMsm 
of the period. 



18S4. 

1835. 
1836. 
1837. 

18.18. 

iH.llt. 
1840. 
1841. 
1842. 
1843. 
184i. 


«1'899 
26-182 

24- 3.19 
21-900 
20-080 
32-720 
18-530 
3.V275 
23-490 

25- 150 


Ob*. 
Ob*. 
Ob*. 
KXf. 
B.G. 
B.G. 
B.(}. 
B.C. 
B.G. 
B.G. 
B.G. 


- fe45 

+ 1-438 

- 0-365 

- 2-844 

- 4-664 
+ 7-976 

- 6-214 
+ 10-531 

- 1-254 
+ 0-406 


61-5 

49- 9 

50- 0 
49-9 
61-2 

49-9 

49- 8 

50- 8 
50-3 
49-6 


+M8t 

+0-982 
-0-618 

— 0-.51K 

— 0-618 

— 0-318 
-0-618 
-0-718 
+ 0-282 
-0-218 


Total in 
dffvcB 




* * * « 


* « * i 


£66-7 




Average 

of eleven 
years. 


1 24-744 






60-518 





The plots of gronnd set apart for the experiments were not pxartly equal in point 
of size, but their square contents being kno^vn, it was easy tii re<bn"e the crops 
to one standard, and that of 100 square fett wan belected as the most < (nu enient. 

In reporting to the Society the results, I shall therefore always suppose that re- 
duction as being made, and stwll set down wbat ought to have been the prodace, 
Buppofting each plot to have measured exactly 100 sqnare feet. In this statement 1 
vrill begin with the only case in the whole series to which Db Canooluc*s theory of 
excretions appear'^ at all a|)i>Ilcalile ; namely, that in which the plant experimented 
on was a species ol ^[)iir<;e, the Eiiphnrhia hthj/ris. 

In 18:^5 a luxuriant crop of this weed was ublained, amounting to about 18 lbs., 

but the next year the produce had dwindled almost to nothing, and in I837t in which 
fresh plants were introduced, an equal foilure took place. 

Nor did any new plants start iip in 1838, so that in 1839 the plot was sown with 
flax, barley, and I)eans, of all of which I obtained a tolerable yield. 

This experiment therefore might be appealed to in suppoil of Dk Candollf's 
views, as it would appear, (hat excretiiins harl been emitted from the roots of the 
Euphorbia, which proved iiljurioiis to plants of the same species as those from which 
they had proceeded, but which exerted no such poisonous Influence upon others not 
allied to them in oiganixation i or, if it be objected, tbi^ during the eetirse of 1836 
the excretions might have become so lar decomposed as to lose thetf poisonous cha- 
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racter, still tin failure of the second and third crops of Euphorbia would seem attri- 
butable to some deleterious intlueDce exerted by the excretions of the antecedent 
crop, rathmr tbui to the gromid having beoome efhansted, inMnmoh '« tbe latter, 
withont being in tbe meanwhile mricbed with manure, proved its ability to prodaoe 
tolenhle crape of other vegetables. 

The acrid nature of tbe jnices of tbe Euphorbia may possibly explain, why this plant 
should constitute an apparent exception to tbe rest, for it will be seen, that in all the 
other cases, the dioiinution in the amount of produce, consequent upon the continna- 
tion of the crop from year to year, was only such as might be supposed to result from 
a Ailing off in eone one of those ingredients which were oeoessary for ito develop- 
ment, and was not of a nature to indicate the eidstence of anytlung ptusonons in the 
soil in which it grew*. 

I shall therefore now proceed to state the amount of produce obtained during the 
several years from each of the remaining plants above enumerated, distinguishing the 
crop which w&s repeated year after year in the same plot of ground as the jKmanen/ 
on^ and tliat which was grown socoesdvely in diffimnt parts of tbe garden as tbe 
d^^gone* 

1. ^BiSmtofi htbenmm.-'iirwmA not manured dnce 1838. 





ImI Mn4]f dvHwA ftM dliti 




isse. 


Plot No. I. — After e crap of Turnips. 
Tnben . . . ' 89-50 


After a agp cf f<ywr tonmlfinm. 
Tttban . . 84-00 


1637. 


Tubers ... 59*5 


AAflf a crop of Cannabis fiatim. 
Tubers . . 108-0 


1SS8. 


TabKi . . . 68^ 


After a crop ciCamtaiit toHaa, 
TUbert . . 68-5 


1839. 


Tuben . . . SS'O 


After a crop of Polygonum fagopyrum. 
Tubers . . ISSO 



1840. In this year it ik i uri f»d to rue, that it might be interesting to determine what 
difference, as to tlic unuiuut ut produce, would be produced by planting in one in- 
stance tubers from tbe crop obtuned the year before in the same plot, and by employ- 
ing in another those raised in some difibrent locality. 

The diflerence in quantity will be seen not to be very consldetaUe. 

* It can hardly, I think, be denied, that juices are excreted hom tlie nals» as well as taken up bj them : 
th* only quf'^'fi^Ti i«, nrr* thf"? frrTrtinns injurious to tl»e plants of the FBrnf- i5;ipcies which grew in the soil 
•fterwaids, and il tiicy arc, an: titvy favourable to the growth of othen ? i he h»t of these positions may be 

cooalcBUMad I17 the flMto daldbd b tike leit^ iMt flw tattw ii 
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Yew. 


PenoMent crop, 
from the MiBi 


No. 1.— Tubm 
tplMplMtad. 


PennaMiit crop. No. 3. — ^Tubm 
fim • dUhnM Imlily ^IhML 


Sliiftin crop* 


1640. 


Tubers 


: . 88| 


After Euphorbia 
which bad &Ued. 
THiben . . 


90 


After Imm MitefMMMM. 
Tuben . . 7> 


1841. 


TSibm 


. . 64 


iiUMn . « 




After Ltawn tm/o/tMiniiin. 
Tuben . . 8I| 


1842. 


Tuben 


. . 82*5 


Tuben . . 


94*0 


Afler VtdaMa. 
Tuben . . 110 


1843. 


Tuben 


. . 48-6 


Tuben . . 


38-6 


Afler VuM tatka. 

Tubers . . 48-4 


1844p 




. . 61*0 






After Horiam tatiwmm. 




Average of nine ycaru. 

Tubers . . 68-9 
Avenfte of the first five years. 

Tvbm . . 79^9 


Average of five jcars. 
Tuben . . 74*77 


Average of nine years. 

Tubers . . 89-1 
Averwc of the fint five years. 

^ben . . 99ra 



The following diagram laay convey a clearer idea of the differences In the aimoiint 
of the cropS;, and the relation between the permanent and ahilting one. 
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It is worth remarking, that the average of the 6biftiag crops of potatoes corre- 
epotided very ULUi iy to the amount obtained in the year 1644, from a bed of similar 
nat, in a portion of tbe garden contignoni to that on whicb my ei^cfiments bad been 

carried on, and which Ind been recently manored, tbe produce In this instance being 
96 0 lbs., whilst the average of nine years in the other case was 80- 1 lbs., and 
moreover that the produce of the last year, in which the crop succeeded one of barley, 
was nut less than 98 lbs., thus apparently showing, that after so long a period of 
cropping, there was stQl a snfficient snt»plj In the soil of those ingredients whicb were 
requisite for tbe doe devdopment oi the phint. 

An examination of samples of potatoes from the crop of 1844 proved, that tbe 
shifting crop contained more starch, and more of the woody fibre and other organic 
matters which belong to this vegetable, than either of the permanent ones ; and that 
of the latter, the one grown in soil which had borne potatoes only five years, ap- 
proached in these respects more nearly to the shifting, than that taken from the soil 
wUeb bad been cropped daring ten years. TIm inroporUoa of water In the two 
cases was not very different, but with respect to the Inotfaoic matters, it was fonnd 

that the remark held srood 

Here the shifting crop yielded in a given amount of tubers the least, and the per- 
manent crop tbe largest quantity of ash, as if the deficiency of organic matter had 
been made np by an increased quantity of that which was derived from inorganic 
sources. The nature of this latter portion will be stated when I proceed to delml 
the analyses performed by Mr. Way. 

On examining a specimen of a good nimly description of potatoe taken from a 
garden in the neighbourhood of Oxford, the soil of which was similar to that of the 
experimental garden, I found the proportion of stareh mnch the same as in the shift* 
log crop, but the quantity of water greater. 

Tbe following ia a tabular view of the results 





SUrcfa. 




Other toUd 




Good mcalj Idiid of potatoe fimn » garden near Oxford . . 


per cenL 
1300 
13-67 
10-54 
9-11 


5-90 

9-7C 
11-32 
9-7G 


5-6 

5-7 
•1-5 
8-8 


75-5 

71- y 
737 

72- 4 



2. ^trdamimHwm. 

The next CTOp I shall notice is Barley, in which it will he peroeiTed that, allowing 

for differences of seasons, the proiluce obtained during" ten successive years was tole- 
rably uniform, tfiere being however a considerable balance in favour of tbe shifting 
over the permanent crop. 
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The following are tiie results: — 



Tmt. 






18SS. 


Na4. 

1 


Afttr XfiMM ifii/afiiiimMii. 
85*5 






After ^fhm petrc$elkum, 

51-0 


1837. 


Sl'5 


Aftw LimM tuUotiuimm. 
8(H> 


18S8. 


42*5 


AfUr Cichoritan endivia, 
75'0 


ias9. 


98*0 


ASbaBnmiea Roptu 
41'0 


1840. 


38*75 


Allir Brattica Rapa» 

54 -5 


1841. 


S8'0 


After Vicia Faba. 

s^4 


184S. 


27'S 


After iS^lmiiwi lirferw—. 
94-S 


164S. 




After Papawr tomtt^rmm. 

42-5 


1644. 


28-7 


After Cmm^taikm, 
90rO 




Averai^ of ten years . . 28*9 
Average of first five years . SO'O 
Average of last five yean . 27*8 
Maximum in one yow . . 4S>5 
Minimum in one year . . >1*5 


Average of ten years . . . 42'1 
Average of first five years . 46*5 
Average of last five yeari . 37*7 
Maximum in one jeer . . 75*0 
Minimum ia am jeer . . S(H> 
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The qmntltjr of bailor prodaoed in a cootigaoiu pieee of ground reoently manured, 
was 39'4 lbs., being more than the average of theahifting crops, bat about equal to the 
produce obtained the first year from the permunent one; 

3. Brassica Rapa, 

Nrxt in the series are Tamips, in which the difference between the average of the ' 
iihitttng and permanent crop is very remarkable, namely as 176 to 100. 

Nevertheless it will be seen, that even the latter did not sink below a certain 
amount when the aeaaons were tolerablj fiivourable. 
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The following- are the teeoltt : — 



Yew. 


rmanint tng, Pitxlaee in a ulatc. 




18S4. 


No. 3. 
1S5-0 




1835. 


1850 


192-0 


18S6. 


138-0 


AAer Linuut utUaii$Hmum. 
144*0 


1SS7. 


stt 


AAer PIcteAtn. 
1S4'0 


1838. 


56-0 


After Inurm vaitaHMimtm' 

150-0 


1889. 


110i> 


After CicAcriMi cndwia. 


1840. 


I980 


After NicoiiaHa ruslica. 
817<0 


1841. 


98*0 


Aftar Tnpavtr Kvm^fisnm, 
2450 


1842. 


Ul-O 


After itooM aaliM. 

179^ 


184S. 


78'S 


After SoUumn tuderotum. 


1844. 


77*0 


After BeSmitkM mmmt. 
148'0 




Avcrugf of ten years . . 100*8 
Average of first five yean 104*0 
Average of lot five ycttS . 97*5 
Maxunum in one jmr * . 18S o 
MinimuiBi in one jear . . 37-2 


Avcragt of ten years . . 1 JG'S 
Average of fir»t five years . 173'0 
Avmige of lart five yean . 1 76'5 
Maximum in one year . . S4S*0 
Minimum in one year . . IIOO 
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The following diagram will show the variations io their yearly produce : — 
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In thp r(>nti;^'iioi!s bed recently manured the produce was 152 lbs., a quantity about 
intermediate between the average of the shifting and permanent crops. 

4. CameAn* Mltim. 

The next crop I sbuii uutice, Hemp^ prcsentti a very UDiforiu lute ot produce during 
the whole period, neverthclfleR the afaifting crop, which however was not grown during 
the years 1840 and 1841, presents a noeh larger produce than the permanent one, 
as wUl be seen by the fallovbig Table. 
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Year. 


PeiauneBt crop. Dried in Uie mm. 


Shifting crop. Dried io ibe nm. 




No. 17. 
48^5 


After nyidium prataut. 
Mrs 






4Mi.a 


kOOOm 




AAtr Broitica Rapa, 


18S9. 


• 

84H> 


A&K Hordam tatwim. 
48'S 


1840. 


80>S 


Mom. 






None. 


1848. 




After Atfo vtdgaru. 
53-0 


1848. 


S4H) 


After Pt^gomm/c^tepyrum. 


1844* 


SI'S 


Allir AwMfec AqfM. 




Average of nine years . . 3013 
Average of first five yean 32*55 
ATCnge of Iwt tanry«U9 27*12 
Mttnaum in one year . 46*50 
Minimnm ia one year . . 20^50 


Average of four yens . . 50^ 
Maximum in one year . . 52*5 
Minimum in one year . « 884 
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The foiloviDg diagram will «how the variations in tbe yearly produce : — 
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In the contiguous bed recently inaiiured the crop weighed 45'4 lbs., somewhat 
more than tbe aTerage of the ihifting, and MHuiderably exceeding that of the perma* 
nent beds. 

b. LintiTii milatissimiim. 

Flax pt esents a gradua), though not au unitunu, rate of deterioration, the shifting 
crop always standing in advance of the permanent one. 

hi this imtanoe I tried the same experiment as in tbe case of the potatoes, namely, 
that of sowing one bed with seed from tbe hist yeni^s erop« and the second with seed 
obtained from some other source. The latter produced much the most abundant 
crop, but I am now inclined to attribute its saperiority chiefly to its sncceeding a 
crop of Valerian, a plant whicfi probably draws little from the soil, and which conse- 
queiifly having grown in it for five successive years, had given time to the raateriaU 
of the earth to undergo decomposition, so that an accumulation of nutritious prin- 
i^les may have taken phwe in it, nearly as would have been the case if it had been 
left entireiy fidiow. 
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The following arc the results obtained : — 



Tcv. 


FtniiBtM cm af tnnHir Maadtac. 
Cnp4HM. 






18S5. 
18S6. 

1897. 
1858. 

1840. 
1841. 
1842. 

1843. 
1844. 


No. 19. 

m 

18*0 
20^ 
13-75 
18*5 

9-0 

8-4 
11-7 

S«9 

Average of ten yenrs ... 1 2*6 
Average of first five years 15-C 
Average of but five yean 10-4 
Maidnnim in om yor. . 20*0 
Minimum in one yew. . $'0 


\os. 13 and 11. 
After Valeriana Phu. 
48*S 

41*0 

34-0 
310 
11>5 

Aver&ge of five years. . . 32-3 
j. »......• 

Alaximum in one ycnr. . 4S*5 
Minimum in one yew . . 1 1*5 


AfV«r PolygonuuiJaffOjtyTum. 

17'0 

After SMMttw hAerotmm, 
19-8 

After Solaiium tubenmm. 

After Valeriana Pku. 
21-75 

After Polygonttm/agoo^rmn, 
2f5 

After Fine eeUliMi. 
SS'O 

Ailw Brastica Rt^a. 
34-0 

After Vicia Faba. 

29-C, 

After Solofum tuberosum, 
17*8 

Avenige of ten years . . , 22-7 
Average of first t\\v years \9'9 
Average of last five years 25-5 
Maximum in mw yew. . 34*fl 
Minimum in one yew* . 15<8 



The rollowing liingram will sbov the cnrve of their growth : — 



Flax. 



yc»r». 
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The contiguous tnsinured crop weighed 22*2, rather le^ thao the average of the 
shifting crops. 

6. f^icia Faba. 



Beans showed a consiHerablp falling^ ofVin the case ol" the permanent crop, but not 
in the shifting, the fuliuwing being tlie results ubtaiiied : — 



Tw. 


Pl(■HWllcM^ ItadmbiaAMMil^ 


IMmtaadiMiMei. 


1835. 


No. 23. 
380 


2 7- 7 


1886. 


40D 


After Limm tttUatusimum. 
89K) 


1887. 


28*5 


81-8 


1838. 


28*4 


AStet Nteotiana nuHeUw 

28-5 


1839. 


34-0 


After Jiieoiiana ruttiea, 
4S-0 


1840. 


18'5 


After Papaver $omn\ferum. 
86*5 


1841. 


S4'5 


After Polygonum fag^jfi/nm. 


1848. 


15-8 


After Pap€mer lomn^fiamm. 

28-0 


1818. 


17*1 


After ^veiM M<iM. 
99-0 


1844. 


9>8 


After ^icotiana rtutica, 
24,-0 




Avenge of ten years . . . 84*7 
Average of first five jmn . SV-S 
Average of last five ycaw . lfi'8 

Mnxinmm in one vfiir . . 40'0 
Minimum in one year . . 9*!! | 


AvcFige or ten years . . 88*6 
Avenge of first five jtm . 34-8 
Average of last five yews . 32*5 

Maxinmni in ont- year . . 56*0 
Minimum in one year . . 24'0 
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1 he following represents the canre of their growth ^— 
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In the contiguous manured bed the crop was only 27' I lbs., not greatly exceeding 
the average of the permanent, and Mling eoiuidenbly short of that of the shifting 
crops. 

7* NieoHana nuHea, 

Tobacco ia ooe of the plants which most strikingly illoatratcs tha dependence of the 
crop upon manuring ; the first year the produce being 178 Ibs., whilst It sank in six 

years' time to 17 lbs. The whole of this ditninution, however, must not be set down 
to the delicicncy of Inorganic matter, since in subsequent years the produce became 
greater, although it never recovered its former rate. 

In this instance tlie permanent presents n h^hw avecafo than tiie slufting crop, 
but this seems attribntable to the circumstance that In tha latter instance the soil had 
been prenouaiy drawn upon by a crop of beans, whilst in the former It had lieen 
recent !y manured. 

The following are the results:— 



Yeir. 



Pcnntneat crop. Proditcc aenlj iry. 



Sbm»t mfk Pndnee nearly dry. 



16S4. 

tsss. 

1836. 
1837. 
18S8. 



No. 9a. 
172-0 

SS-0 



33-0 
29-0 
»0 



None. 



Apium pet. 
42-0 



Alter 



After Et^orlna bUijfrit, 
8»0 
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JVicotiana rusiica (Continued). 







ShifH-Dgr ntip. Prodoce neariy dqr. 


18S9. 




No. 9a. 
17'iS 




Afler Litttim taitatmimm 

SS*S 


M, 


1840. 




87*0 




After CichorHan endivia. 
WO 




184L 




8(H) 


• 


84-0 


a 


164S. 




82*5 




After HtKanihtis ataem, 

3(H) 




1648. 




87*8 




After Bratdea Rapm. 
41H> 






Average of ten years . 
Average of first five years 
Average of last five yean 
Maximum in one year . 
Minimum in «iie jpeir . 


. 4H-() 
. GV-'2 
. 269 
. 1720 

. 17-8 


Average of eight yrars . . 
Average of first fnur years . 
Average of last four years . 
Maximum in one joar • • 
Minimum in one year . . 


320 
32-0 
32-0 
49-0 
8S>6 



The foll<iwtng diagram shows tbe variations of the cropt \ 

Tobacco. 
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8. Papaver snmniferum. 

Poppiuii, although considered aa exbaustiog crop, are said to b<s frequently grown 
for years in sucoessioii without any apparoit deeveue, bat tbe rcsnltB of my experi* 
iiient« serve to shonr, that this will not happen unless thqr ve occasionally mannrad. 
It Is remarkable bow near in this Instance the average of the shifting and permanent 

crops approaches each other. 
Tbe following Table shows tbe results : — 





Pnunntenp. DiMinlktin. 


SUftk^cnvw DttodiaMMniB. 


1836. 




No, 5. 
38-0 


After Euphorbia htkgru, 

270 




1837. 




15<S 


AfUr CicborUim etidivia. 
ll-O 




16S8. 




8»0 


After Polygontatt/agtqiyrum. 
84*0 


1839. 




IS'O 


After SolmtMi Ai£«roin«i. 




1840. 




140 


After Vicia Faba. 

26-5 




INl. 




IID 


After Brtutica Rapa, 
15*2 




1842. 




tt« 


After Flefa mUimt. 
26>5 




1843. 




13-4 


After Bordeum saUmm. 
12-0 




1844. 




8-6$ 


After Jvem Mdiva, 
IS'S 






Averapt' of nine years . . 18*2 
Avt'rui;f of first five yeoi'8 . 21*9 
Aveni^c of last four yean . 13*7 
M a vi mum in one year . * 88*0 
MiDimum in one yeir . , II'O 


Avcragt: of nine years . . 
Average of first five years . 
Average of last four years . 
Maximum in one yeer . . 
MiBimma in one year . . 


187 
20-3 
16*8 

s7<o 

11*0 



Tbe annexed diagram shows tbe variations in tbe yearly produce: 
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Poppies. 



SOI 




9. Polygonum fagopyrum. 

Buckwheat, not being au exhaosting crop, docs not vary more than can be explained 
by diflerences of season* and other contingent canses, the resnlts being as follow : — 



Yeir. 


PecBuaiia 


wp. Froduec ia k dikd ttHa. 




1835. 
1836. 




Nu. 25. 
14*0 


14-8 

After Mentha viridii, 
11*5 




1837. 




6H> 


After VaUrimn Pirn, 
«7 








\9rO 


After Papaver tonu^flmm. 


1839. 




9-25 


After Vidm Faba» 
12*5 




1840. 




11*S 


After Hordeum tatimm. 
11*5 




1841. 




3*8 


After Ako&nM niiljc*. 
S-5 




1842. 




9-6 


After Kcotiana nuHem. 
141 




1843. 




3*6 


After Beta vttlgarU. 
6*19 




1^44. 




S*l 


After Beta vuIgartM. 
6'6 






.\verage of ten yetirs ... 9*1 
Average of fint five jMn . 11*6 
Average of Imt Ave yeais . 8*7 

Maximum in one year . . 16*0 
Mioiniuin in one year . . 3'2 


Average of ten years , . ■ 
Avenge of fint five yemi . 
Aver^ of lest five ]reer» . 

Maximum in one year . . 
Minimum iu one yewt . . 


10*6 
12*5 
8*7 

180 

^'7 'c) 
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BUCKWHBAT. 
t«Bt. 



90 



10 
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SO' 



40 
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20 



10 



10. DrybSuMfiviaue, 

Red clover being a Uennial, it was necessary to retain the tliifting crop in ibe 

same bed for two years ; and as tlie produce of the second year was in general larger 
than tliat of the first, the results can best be compared by stating the sum of eacb 
two years' g^rowth. 



Twr. 






1835. 
18S6. 


No. 12. 
!«}«»•' 




1837. 
1888. 




After Mentha tMdb, 


18S9. 
1840. 




After Eup/iorlria latkyris. 


1841. 
1B42. 






1843. 
1844. 







During tbe last four yean it was not found convenient to introduce a shifting crop 
of clover. 

Tlie foUowing carve repreiente the Tariatione of the crop in the two caeee. 
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Cu>VBR. 
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11. ^venasaHva, 

Mf triab with date oontinaed only tar tU years, and on graond already dmwn 
upon by four crops rince the period itt which manure had been applied t the plot 
selected for the permanent crop having borne succeMively flax, beans, turnips, and 
hemp ; that on which the corresponding crop in 1839 was raised, parsley, mint, and 

clover. 

The produce tt^erefui-e of the &rst year was iu both cases moderate, and nearly 
uniform, bnt sahaequently ther« was a greater dimlnation in the permanrnt than in 
the ehifking crop, aa irill appear from the foUoaing TU>le 







Shiftiiig crap. 


18S9. 


No. 2a 
31*0 


After TrifoUtm prataue. 


1840. 


44*0 


After nifolhttn pratmtt* 
49-0 


1841. 


317 


After Beta rttlffaru.lASter Tri/oHitm pretense. 
53 0 1 28-3 


1849. 


ss»s 


After Po^gomim/agtipj/mm, 
24'4 


184S. 


S4'4 


After OMmOM awMit. 
147 


1844. 


14*6 


After Fieia saliva. 

28-3 




Avenge of six years. . . 28-0 
Maximum in one Tfar . . ii-0 


Average oT six yean. . . 39*4 

Maximum in one year . . 49*0 




'M 1 1 1 : r 1 1 11 Ki : : 1 inn. \ i.'i 1 1' . . 1 1 " f i 



MOCCCXLV. 



a a 



904; 01t..DAUBINY ON THB ROTATION OP CROM, ETC: 

The following curve ml\ sbow the variation^ in tbe yearly produce. 

Oat*. 
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12. Bt'iu vulgaris. 

In the case also of tbe beetj the length of time during which tbe gi ounil was cropped 
Memi inmilBeicwt to lead to any deeMre ramlts, especially aa tte nntten estraetad 
from the soil by this plant are, compared to its bulk, ineontiderable. 

The average of t!iL siiifkiitg and permanent crops, it will be weo, doca not vary 
materiaUy, and what difiierence there is, seems in fevonr of tbe latter. 



Tew. 


hnuMBkcnp. W«i||Mlbft|MMitaML 




1BS9. 


No. 11 After Pt^aver mmtj^mh 
S18<0 


None. 


1840. 




After CotmadU tativa, 
88(M> 


1641. 
1849. 


asoro 

a44'0 


Aftor JforriSeiM Mtfjpiwi. 

2640 
After Aveiui saiaa. 
178*0 


1843. 


13S-0 


187-0 


1844. 


278i) 
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Ttie fuliofring diagrani will show the irariatioiM in the annual produce ; 



fl05 




13. Gchoriumendwia. 14. Mentha viridis. Apmnpetroselhium. 

The three remaining^ crops, of Endive, Mint, and Parsley, were introduced into the 
series, from a wish to have one representative at least of thi principal of those natural 
tamilies, which supply us, with either plants useful tor held or garden pui poses, or 
with any of tbe commoner weeds wbicfa intnide tbemadves into mt fiddi, U being 
conceived, that Mme interesting and uaefnl results might lie obtcnned, by watching 
the effect of their root excretions on plants of the same or of a different tribe. 

Had it not been with a view to this theory, I shonld hardly have thought it worth 
while to experiment upon plants, which appear to draw comparatively so little from 
the soil, as the three now alluded to. 

The following, however, were tbe resnlts obtuned 
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Cichorium endivia. 





Pcniuaeiit cnpw Mad to Ih* iiiBi 


Shifting enp. Dried in the ma. 


lo34« 




No. 15. 
73'5 


None. 








Ho. 16. 
88'5 


Alia Polgffoiiim^eflfm 




1BB6« 




No. 15 and 16. 

AA*A 


Alter I^ icotittna rvaiieo. 




1837. 






Aim JMIVCMil MKMNM. 

S4-0 








dv U 


AAv Fina Faba. 

4d £ 




18S9. 




4S^ 


ss-o 




1840. 




22-0 


None. 




1841. 




58-5 


None. 




1842. 




671> 


None. 




1843. 




f<H> 






1844. 






Nous. 






Average of ten years . . . 51*5 
Average of fint five yean . M'9 
Avera^ of lut five yttn . 494 

MBxiniuni in onr yrar . . 73'0 
Minimum m oqc ^car . . 22*0 


MttDiBiim of OM year . . 
Mitnonimcf one year . . 


47-0 
es-o 

34-0 
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Mentha viridis. 





FanuHMM mp. Praduce ia a dqr MM^ 


SUfUagCBO^ PNdMBiaaAyilM 


18S5. 


No. 21. 
SI'S 

58^ 


17-0 

After J^^km petramtbrnm, 

26-0 


18S7. 


88-0 


After Apitm petrrmiiintm. 


18S8. 


18'3 


86-8 . 


1839. 


26-75 


None. 


18«0. 


84*5 


None. 


1841. 


18'8 


None. 


1842. 


187 


Nona. 


1848. 


18^ 


None. 


1844. 


1G*S 

Average of ten yean . . . 24-7 
Average of first five years . 31*5 
Average of last five yean . 1 7*8 
MarimMtt ia one year , . 53>o 
M idmiai in om jflur . . 12'8 


None. 




Y«ar. 


PcnHBcnt crop. Produce in • dried lUte. 




188S. 

1836. 


No. 27. 
«4'85 


7to 

ASkae Vida Fata. 
SOB'O 


18S7. 


sm 


After PotyifOMm/offcji^nm. 
61*0 


1888. 


880 


After Pa^fffoaam/agij^iiitm, 
68$ 


1839. 


13-0 


After JfcnfAa viruSt, 

32-5 


1840. 


S9-0 


After Afen^ila nMdy. 
8SM> 


1841. 


S2-7 


None. 


1842. 


9-4 


None. 


184a. 


12-0 


None. 


1844. 


88'0 


Nona. 




Average often years . . ."59"75 
Average of tirst sU yean . 60*2 
Average of laat finir yean . 19-3 
Maximum in one year . . 115*0 
lliirimmii in one Tear . . 9*4 


Avera_-o I't' -iv vi ;irs . . 
Maximum in one year . . 20H-0 
Mininuim in one year . . SSI) 
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It appears then that out of tlie whole series, there are only four cases in which the 
average amount of the permanent crop was equal or snperior to that of the shifting 
one. 

In the first of thei^ the Tobacco, the laet may be accounted for, from the condition 

of the ground being more favourable to the permanent than to the shifting crop on 
the year of its introduction, the former being obtained from soil which had been re- 
cently manured, the latter from what had been partially exhausted by preceding crops. 

The second, the B^et, was scarcely continued tor u sufficient length of time to lead 
to any certtun conclusions. 

The two otben» namdy, the Endive and Mint, present Tcsalts so nearly agreeing 
la the amoant of thdr pennailBOt and shifting crops, that the slight disparity may be 
Mrly referred to contingent drcamstanoec, and an noifonoity in the products obtained 
may in consequence be inferred. 

Setting a*Hl(' tiirn the above four cases as exceptional, the general tenor of the 
experiments would iicem to iadicutc a fnani/est advantage on the side of the shifting 
crops, varying from 1 to 75 per cent., b«t more generally approaching to the latter. 

Yet it by no menu Ibllowi that this dilference it to be attribnted to tlie influence 
of root eiicretions. Were such the cause, we ought to percciTe a more regular, as 
well as a more rapid, tHminntion in the permanent crop than is indicated in these 
Tables ; we should not find, for instance, tlie crop of potatoes equalling iu the fifth year 
the produce of the first ; the Turnips, after sinking to 37*0 lbs. in the third year,rising 
in the sixth to 188 lbs. ; not to allude to other timilar instances of osdilatlon. 

If Ds Gaioioxu's theory too could be carried out, we might ba?e expected to find 
a more manifest Improvement In the shifting crop occasionally occurring, owing to 
the excretions of the ftmily of plants widch Imd preceded it proving congenial to its 
constitution. 

But if nothing positively injurious be injparted to the soil by tho rrop, the gradual 
falling off in ttie amount ot the latter can only be attributed to the deiicieucy, either 
of organic, or of Inorganic matter fitted for its devdopment, in the soil In which it 
was reared. 

Of the two continental writers on chemlcat agricnitnre whose works have excited 
the greatest interest in this country, the one would seem to favour the former, the 
other the latter explanation, although it may be mort correct to consider tlieni, an 
viewing the subject under two different aspects, rather than as laying down principles 
irreconcileable one with the other. 

Lttsra, for instancy althm^ he r^rds the presence of certain inorganic matters 
as tlie only condition emeirtM/to the exhUence of a plant, does not deny, that its growth 
may be accelerated in proportion to the ready access to it of ammonia and carbonic 
acid, and these, it is evident, would be supplied more abundantly by the presence in 
the i^oil of organic matter in a readily decomposable condition. 

Nor, on the other hand, would Boussingault deny the necessity fur a supply of the 
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inorganic principles, which form, aa it wtn, the skeleton of each plant, although he 
attribatct the ficoiiliar benefit dwind from fidloir cmpt to their poirer of genentiag 
the orgamc matter wUeh !a reqidred by the oeieals that are to •■ceeed them. 
Itt order to determine then in what degree the fidUng off of the permanent crop 

arose from the one or the other of these causes, it seemed necessary to o!>tnin an 
analysis of the plants derived from this and from the shifting crop corresponding, 
and to compare the composition of both with that of a standard specimen of the same 
plant determined by the mMhod puriaed wiUi leapeet to the tiro fonneri and k 
would have been also aattaftctoiy, not only to aaoertainj whetiier the aoil itidf mii^ 
nally contained sooh a store of all the principles exiatinf in the crop, as might be 
sufficient to meet the demand made upon it for that purpose during the whole decen* 
nial period, but also whether its present composition was such, a« actually indicated 
a deficiency in any of the principles which entered into the constitution of the plants 
grown in it. 

It is evident that the former Iwaneh of the inquiry wrndd have iMen ntperfliuM^ 
if I could have depended on two thmge >^ 
ist. That the analyaes gtv»i by Svsimoil and others^ of the plaoti to wbidk the 

inquiry related, were trnstworthy; and 

2ndly. That the composition of the same vegetable was at all times uniform both 
as to the quality and quantity of its ingredients. 

But with respect to the former point, I found, on turning to the analyses given of 
the asbee of tlw mme plants by diffemit authorities, many marked diecrepandes, 
and that thoae of Sfbinoili which are the most nnmerons of any we conld appeal to, 
were regarded as inaccurate By other chemists of higher distinction. 

Nor, even if they had represented truly the composition of the plants which were 
actually examined by that analyst, could we be sure, that they would apply to those 
of the same species, grown in a different country, and under altered circumstances, 
more particularly as tlie recent researches of Liaaio, Wtu^ FkasBHius and othei% 
appeared to iodUoate, that certain ingredients admit of being snbslltated for otbeis^ 
according to laws as yet not folly made out. 

For all these reasons then, it became necessary for my purpose to obtain a correct 
annlysis, both of the crops, and of the soil ; and I was the more reconciled to the ex- 
penditure of labour involved in this undertaking, when I reflected, that the r^ults 
obtained were likely not only to lead to an explanation of the cause of the utility of 
a rotation of crops, but also to throw some incidental light upon oertain other 
pdnts connected with the chemistry of agriculture, whidi did not appear to be suf« 
ficiently elucidated ; such for instance, as the degree <^ variation of which a plant 
may admit in the quality and quantity of it« !norfran?c ingredients, or in other words, 
its power of substituting one principle for another, and likewise as to the state of 
combination, in which the alkalies, phosphates, &c. exist with the other constituents 
of the soil, when in a conation to be assimilated by a plant. 
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I shall, thei-efoi-e, next proceed to state the results of the analyses of the several 
crops vbieh were made ia my laboratory by Mr. Way. 

PART 11. 

On the chemical composition of certain crops cultivated vi the Botanic Garden, and on 
. the amomt of inur^unic principles abstrw^fythem/rmn the taU dwmg the period 
Ae ejq^erimei^ were eanthmed. 

It is only within a few yean tliat the importance of ash analyses has been nnder* 
stood, and we were consequently much at' a loes for accurate instracdons as to the 

best metfuxl of conducting it. 

A valuable paper has however recently appeared in the Memoirs of tlte Cficmlcal 
Society of London (Part IX.), by Will and Frrsenius, whicli in a great (.k-^nec ^uj)- 
plies this deficiency, and which we tiierefure determined to adopt as tlie basis of our 
scheme of operations. 

One part of it, however, relating to the determination of the phosphoric acid, was 
soon found extremely troublesome in practice, and too tedious to be resorted to in 
an iiKpiii-y which involved the necessity of so large a number of analyiies. In tbis 
part tliercforc of tlir process, Mr. Way suggested a method, whicli, as it recom- 
mended itself from ha greater simplicity, and appeared to answer well in pi-actice, he 
has adopted in all the eases, of which mention will hereafter be made. 

Bot although the phm of analyids pursued presents in other respects bat little of 
novelty, yet as certain modifications of the scheme of the German chemists bave been 
here and there introduced, and as some of the manipulations may admit of being 
more r b-arly explained than in the paper alluded to, it will not be amiss to set down, 

brietiy as possible, all the principal steps pursued for the determination of the several 
ingredients ealstiag in the ash. 

In a fiew instaaecs, as in the Cerealia, where the ashes abounded in ^licates, com> 
plete solution in adds could not be effected, until the whole had andei'gon^ either a 
previous fusion with carbonate of barytes, or evaporation with caustic potass, the 
former substance being- employed for that portion of the ash which was to be ex- 
amined for alkalies, the latter for the one set apart to ascertain the other ingre- 
dients. 

But where the whole of the ash proved soluble in muriatic acid, no sndi prelimi- 
nary process was required, and we were able to proceed directly to dissolve it in this 

menstrniini. 

A certain amount, however, of sand derived from the soil in which they had grown, 
and of charcoal, from the organic matter of the plant which had not been burnt off*, 
was always present, and these of course would not be acted upon by tbts acid. 

There was also in every instance a variable quaatity of peroxide of iron proceeding 
manifestly from the vessels in which the combustion had been carried on, the quantity 
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lo be burnt being tno ooo^derabfe to nUov of it* caleiantm in any of the platina 
vessels which I chanced to possess. 

The asbeSf therefore, of u'hich 200 gi-ains were usually taken, hat! first to be treated 
with pui*? mnrintic arid hikI the latter to be driven off by heat, so that the silica of 

the ash might be rendered insoluble. 

Water and muriatic acid were then added to the dry mass, and the portion which 
did net dissolve was sepanrted by filtration, its weight, after Mag wnslied, repre- 
sented the amount of silica in the ash, together with that of the extraneous aandand 
charcoal intermixed with it. The former was separated by digestion in pure dilute 
allcaline ley, and its quantity determined, in the first place indirectly, by the loss of 
wcij^ht su^-tained by tbe insoluble portion after its removal, and in (be second more 
aceurutely, by tbe direct pructiit) of gepuiatiug it fioiu its holutiun iu the ulUali by 
treatment frith an aoidj and snbsequeat evaporation to dryness^ after which, water 
baying been added in solBcient quantity to redissoire the anialine salt, the silica was 
collected on a filter, and then dried and ignited previously to weighing it. 

The solution in dilute muriatic acid was made up to some definite quantity, so that 
it might be divided into lonr exactly equal portions, of which one was kept in rcsen'e 
in caae of uuy accident happening to the remainder, whilst tlie three otliersi, which 
we will call A, B and were examined for the diffierrat ingredients present, as for 
instance,— 

A. For the peroxide of iron. 

B. For the pbosplioric acid. 

C. For the alkalies. 

In most of the parts of v^etubles, especially in tiieir seeds, and in tbe tubers and 
bnlbs which afford nnttiment to animals, the amount of phosphoric acid may be es- 
pected to exceed that necessary for combining with the iron present. A reagent then 

which throws down phosphate of iron, affords as in these cases a ready means of 
estimating tbe whole amount of that metal, from the weight of phosphate obtained, 
and ^ViLL assures us* tbat 100 grains of tlie latter precipitate consists of 43*92 phos- 
phoric acid, and o&OS peroxide of iron. 

When therefttre, to tbe muriatic solutum A, containing a slight exosas of add, ace- 
tate of aromonja is added, tbe muriatic sieid, which bad held the phoepbate of iron in 
solution, is seized upon by the ammonia of the former salt, and tbe phosphate of iron, 
being insoluble in the liberated acetic acid, is precipitated. 

We thus obtain a means of readily estimating the amount of peroxide of iron, but 
not of determining that of phosphoric acid, because there may be still a portion of tbe 
latter remaining in the liqmd in comblnalioii with oUier bases, the phosphate of lime 
and of magnesia being soluble in free acetic acid, and the alkaline phoephates being 
so even in water. 

In order thoefore to estimate the amount of phosphoric acid, an expedient was 

* Meonin of Chwyctl Soci«^, put 9. 
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adopted, by winch the preaence of sulficient iron to cttt i y Uowu tii« whole of the 
pboepbofie aeM m^t bs Mcnred. 
For this purpose a oertain known weight of dean ifoii wire wm lUeedftd in a 

mixture of nitric and muriatic acid«, care bdng taken that no kiee ahoald ocear horn 
the violence of ttie action occasioned. 

The solution thus prepared will then contain a dofmitc ;xinouiit of peroxide of iron, 
which, when introiin i il into the liquid containing tiic ash, will seize upoa all the 
phosphoric acid, not already coutbioed with iron, which il may contain. 

Aceofdingly, after adding it to the latter, from iHiicb the phosphate of iron origl- 
anlly preMSit Imd been previonslj thrown down by acetate of Mnmonia, we recover 
the whole or the metal, whether in combination with phosphoric acid or not, by ap> 
plying again t}ih samn reagent, prnvided only the Bolution be rendered neutral by 
asfimunta, and raised to a boiling temperature. 

In the case supposed, therefore, the precipitate will indicate the whole of the phos- 
phoric acid eziaUng in the 6uid, after tlie phosphate of iron originally pr^nt bad 
been thrown down, tofetlier with the pemode of iron which raeotts from the iron 
initradaeed into it in union frith chlorine. 

Accordingly the quantity of pliosphoric acid remaining after the first operation 
may be estimated, by deducting the weight of peroxide of iron, which is knowa, from 
that of the entire preci|)itate collected. 

la practice however it was found most convenient to determine the amount of 
phospborb acid, by taking another measured portion of the solution, via. B, and 
adding to it in the first instance the known we^^ of iron. We are thus enabled, by 
following the steps above pointed out, to throw down, all the iron oi iginally present 
in combination with phosphoric acid, all the phot^phoric acid which may have existed 
in combination with other ha.s(s, and the whole of the peroxide of iron, wbctbei* pro- 
ceeding from the asli, or introduced from without. 

The amount of tbe former portion of the iron will have been aacertwned ky the ex- 
amination of the soltitiott A, whilst that of the latter can be readily calcuhited, at we 
know the weight of the iron introduced ; by deducting therefore the sum of tliese two, 
which represents tin tni d amount of peroxide of iron, from the entire weight of the 
precipitate, we ohi liii tljat of the phosphoric ficid present in the ash. 

This intHlilu II oil of the process saves souie trouble, as it obviates the nocej-sity of 
reducing the buik ul the solution remuiuing uftei* the separation of the pltospitate of 
icKHi precipitated from A. in the first proceed which, owing to the number of washings 
necessary, becomes inconveniently laige. 

I felt curious to ascertain wliether the phospboric acid obtained by the above me- 
thod was combined with two or with three atoms of base, as Will and FRESBNriJS 
state, that the Cercalia generally present it ia tbe former predicament, the Legumi- 
nosffi in the latter. 

Our experiments on this point do not appear to confirm uaeh. a conclasiou, showing 

3p2 
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latlicr, tbRt the proportion of bM« to add hu aome reference to the qnanti^ of alkali 
present, and is therefore dopendent in a certdn dq^ upon the manner in which the 

previous calcination tiad been conducted. 

Supposing a p!ant to be rich in alkali, and to contiiin but little silex, it would seem 
natural to expect, tliat tiie phosphoric acid would be united with three atoms of 
iNues. 

When, oo the contrary, the pn^rtion of silica was large, a strong heat would 

cause more of it to unite with the allcaH, and hence there might be only enough of the 
latter remainiiitr to fonn a bibasic combination with pliosphoric acid. Yet even here, 
if a slighter heat had been applied, it might happen that a tribasic compouod would 

be produced. 

Thus we found, that in all the three crops of potatoes the phosphate gave a yellow 
precipitate «^th nitrate of silver, and the same was also the ease in the turnips t imt 

in only one sample of beans, viz. the shifting crop, and in one of barley, which was 
also the shifting one, did the same hold good. 

On flic other hand, in two other samples of ash from the barley, and in two samples 
ot tiiut from the beans, the phohphuric acid seemed, froui the precipitate atl'orded by 
nitrate of ^v<sr, to be united with two atoms only of base. 

It is easy to determine the amount of lime and of magnesia from either of the 
liquids already operated upon, oxalate of ammonia being added to separate the 
former, and, after neutralizing with ammonia the acid solution, phosphate of soda 
throwing down the magnesia. 

In tliese respects the common methods were adhered to. 

The soludon C. was reserved for the determinaUon of the alkalies. 

For this purpose it it necessary to get rid of all the earths and metallic oxides 
which may be present, which is accomplished by adding barytic water so long as a 
precipitation takes place. That reagent of course throws down the whole of the sul- 
phuric and phosphoric acids, the peroxide of iron, most of the magnesia, and most of 
the lime*. 

The filtered solution may however contain a little magnesia and lime, and pro> 
bttbly much barytes. 

To remove these, carbonate of ammonia is added in excess, and the precipitate 
which is tlirown down removed by filtration, after lidng allowed to stand until it 
becomes heavy and gtanular. 

If this 1)0 duly performed, the remaining solution can contain only muriate of 
ammonia and chlorides of the fixed alkalies. 

The former is removed by heat, and the dry chlorides then remaining will rtfin- 

* Ab the entire precipiute, excepting what cooauts of iul|>bate of barytes, .i« wtublc in muriatic acid, we 
vmf wtbMto tiM MMMuC of Mii|ilnvie Mid pcmat. bjr trMdav ft widi ftnMr ad^ i wa vig f all tbtt k 
soluble in water by filtntiOB, tod lutty iraigiiiBg die dried midos, tarn wbidi Oe wei^ ef tnlphwic eeid 

maj be readily deduced. 
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sent the weight of the alkaliDe salts originally present in the ash. Having ascertained 
this, the diy raidae is dissolved in a seudl qaantity of water, chloride of platinnm 
added, and the whole evaporated nearly to dryness. It is then treated with dilute 
alcohol, which takes up the double chloride of platinum and sodium*, together with 
any excess of the reagent that may have been added. The un<Hssolvcd residue is the 
double chloride of platina and potass, from wtiicb the tttuount of the chloride of 
potassium may be calculated. The difference between the weight of the latter uud 
of the whole salt gives that of the chloride of sodium proceeding from the ash. 

The carbonic acid present was b^t ascertained by operating on a separate portion 
<rf the ash, and the common method of determining it by the loss of weight conse- 
quent upon the addition of a stronger acid was adopted, with the precautions usually 
taken -f-. 

The chlorine also was determined in the usual manner by nitrate of silver, a sepa- 
late portion of the ash being employed tar that purpose. 

In the analyses given, it has been usual to consider it as in combination cither 
with sodium or with potassium. That this was the case, seemed [x-nbable from the 
curious relation generally found to subsist between tlie quantity (if clilorinc and of 
sodium detected, which in many instances approximated so nearly, that we were led 
to conclude, that the chlorine in these instances merely implied a corresponding 
amount of chloride of sodium existing in the ash. That the correspondence should 
not have been exact, may be more readily etplmned, when we consider that the only 
generally practiciiblc mode of estimating soda is an indirect one, and therefore liable 
to some degree of uncertainty. 

In the few instances where the amount of chlorine was more than proportionate to 
that of the sodium, it was thought consistent with analogy to regard that portion of 
the former which was in excess, as lieid in oorobination with the vegetable alkali, or 
as representing an equivalent weight of chloride of potassium. 

This mode of stating the results may appear objectionable, as blending theory with 
fact, but iny reason for adopting it is, that it points at an important general conclu- 
sion, which it is hoped future inquiries will either negative or confirm, namely that 
the base of the soda found in plants commonly enters than in a state of combination 
with chlorine, being derived from the common salt, taken up, but not decomposed, 
by the organs of the plant. 

Such an inference indeed cannot be adopted by tliuse who receive the analyses 
given by Sprbnobl as correct, for in many of these large quantities of soda are stated 

* This double chloride ia readily decomposed, if ftnt tublwd Up witfa nereuiy, which fliea off along with tb« 
chlorine in the form of calooiel. when heated. 

t It IBM! • drfcak in the nulym iqiorted by Snsvett, fhtik tfait ingMdicnt k unnr aienlMiBBd io Oeoi ; 
for although it may not be present ns such in the croj>, yet its nmount in the ub probably rcjjrcirtuts tliut of the 
oigmnic ctctib existing in the plant previously to its being burnt, aod heoce the proportion which it bears in 
WtmaA MUBptcs of llie nnw ipeain to tlM pboipliorie aiid otlwr mincnl iddi. Mj tend to iodiaitc the rda. 
tlon subsisting Ik tweea file tBomit of ongeine end of uuKgeoie Bietter, uridng ftau (he node of ooitim or 
other cucumataoce*. 
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M hsvia^bMa detected; hit^wilbavt prawning to brief ftmvd theanelgnM laadfe 
m. mj leboretoffy ee m themeebei mfficient to justify the public ia n^edfaf the 

former as inaccurate, I may be permitted to observe, that it is nuich more easy to 
conceive that the aiTiointt of soda present nniy hrr p licen overrated, tbaa that it should 
ha\ e been estiniateii ^iow its real aiuouat, suppo&uig aoythio^ like aa e(|uality of 
skill aad attcotioii m tbe part of tin opentor. 

T« overreite it, we need only attribule to him some degree of n^geaee, either ia 
not converting by mceiifi of chloride of platinum the whole amount of ehlorideof 
potassium into the sparingly soluble doable chloride, or in not determining its entire 
qaantity; to estimate it too low, we must imagine, what is fur less probnlili', n poi tiou 
of tbe readily soluble compound of chlorine with sodium, or tlic equally soluble 
double salt which the latter forms with platinum, to remain attached to the diloride 
of potassiam and platinnm, and thne to add to its weight. 

Oor results may also appear to militate againBt the conclusions of a mndi higher 
authority than Sprbngel, I mean Professor Liebig, who lias lately represented that 
one alkali may be snbstitnted for aiiothcr in the organization of a plat^f. ruid that a 
species, which in inland spots assunilates a certain amount of potass, takes into its 
frame an equivalent proportion of soda in maritime districts, where tbe latter alhali 
ehoande. 

With the slender data before me, it would be the hdgfat of presumption to iapngn 

the generalisations of this distinguished philosopher, but it will be seen from the 
analyses given below% that no difference in the nature of the alkaline ingredients 
could be detected between barley, taken from the neighbourhood of the sea, whether 
from the caetem or wertern coasts of thk eamtry, and from the more central region 
of Oxfordshire. 

Two ingredients mentioned by Sprknocl as existing in tiie ashce of plants were 
searched for in a few of tliose to wliieh this paper refers, but without success. These 
were alumina and mangiuiese, the former so univcr<'a)!y present in the soil, that it 
may readily hnd uiluii^&iun into the ashes of the plants, unless tbe greatest care be 
talcen to dean oflT every particle of dirt entangled by their roots ; the latter, as 
Lnais thinks, aa accidental ingretfient, bdng taken np by many phmts in conrt- 
derable qnnntities where the soil contain* ranch of it,' bnt altogether wanting in 
the «;ame vegetables cultivated elsewhere. 

In order to ascertain the prcscnoe of alumina, the ash was dissolved in muriatic 
acid, the solution evaporated to dryness, iu order to separate the silica, and tlien re- 
dissolved in muriatic acid diluted with water. 

An excess of ammonia was afterwards added to tbe filtered tiquor, and the preei- 
pitate Nvhich fell, after having been well-washed, was boiled with a pure solution of 
potn«:s. The portion dissolved was then filtered, neutralized with muriatie acid, and 
treated a second time with ammonia. If any precipitate had been thrown down, the 
presumption would have been that it coii^i.stcd uf alumina, and the appropriate tests 
would have been applied to confirm tbe conjecture } bnt in the only instance in which 
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we could positively assure oonelm tint iwadadxtafe of the adl bad got in, iiBniely« 
ia thegsaiii of baiiey finon Rnahiin, nothing thrown down by the UmI apfUcation 
of ammonia, and in one sample of ash from flax (via. tlie staadanl crop), onJ^a meve 
trace was discoverable. 

Considering indeed thnt tlie soluble salts of alumina are poisonous to plants, and 
that the earth itself is confessedly present ta very variable, souetiiuefi very minute, 
qoantities, I am inclined to doubt whether it be in reality a conatitu«u of thdr aslies 
at all. 

With respect to manganese, fwo met hods were adopted for ascertaining- its presence. 

The first, that of boiling the nmriatie solution with carbooate of lime, and then, • 
after filtering it, adding hydrosuiphuiLt of ammonia. 

The second, the blow-pipe test, iumig a little of the muriatle salt with borax, when 
a very minnte quantity of manganese would produce its chaFaeteristio colour in the 
bead of glass produced. 

By neither of these methods were any indications of man^ncee obtained. 

I next proceed to state the results of the analyses made in my laboratory by Mr. 
Wat, of six kinds of crops grown in the experimental garden, tofether with those 
obtained from certain standard crops of the same species, grown in another part of the 
garden, or in other places in the vicinity of Oxford, under more natural circumstances. 

My original object being merely tliat of ascertaining the quality and quantity of 
the inorganic matters abstracted from the soil in these instances, the crop of barley, 
flax, hemp and beans, M'as burnt altogether without any separation of their respective 
parts Imving been prerionsly made, and it was only in the case of the potatoes and 
the turnips that a distinct portion the phint was selected for analysis, namely, the 
tubers in the former, and the bnllM in the latter. 

Barlbv. 

Permanent crop, after ten years' repetition. 

100 grains of the dried crop, including both the straw and grain, left of ash 8*7 grains. 



100 gnuns of this ash contained as follows : — 

Sand and charcoal, extraneons 22*36 

Peroxide of iron, chiefly extraneons . . . 2'12 

24-48 

Silica of tlie plant .... 1 ... . 24'eo 

Phosphoric acid 7*31 

Sulphuric acid 2*12 

Osrbonio add 1*94 

Chloride of sodium 473 

Potass 17-33 

Magnesia ; , 4-68 

Lime 19^1 



Total . . 10M4 
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Grown in the flame pert of the garden at the last, fi»r ten yean nnmaanred, 
dillingiushed as the shifting crop. 

100 grains of the dried crop, including as before both the straw and the grain, left 



of asb 6*25 grains. 

100 grains of this asti contained as follows : — 

Sand and charooal, extraneoos 31*91 

Peroxide of ironi chiefly extraneous . . . 3*90 

24S1 

Silica of the plant 36-47 

Phosphoric acid O'dO 

Sulphuric acid S*35 

Carbonic acid 1*44 

Chloride of sodium 1*43 

Potass 16-58 

Magnesia 8'fi8 

Lime 779 

108*08 



Barlev. 

Gruvvn in a distinct pait of the garden. Soil similar, but recently manured, 
distinguished as tiie standard crop. 

100 grains of the dried crop, including as before the straw and grain, gave of 



ash 7* IS gndns. 

100 gruns of this ash contained as follows : — 

Sand and charcoal, extraneous 16*60 

Peroxide of iron, chiefly extraneous . , . 2 30 

!8-90 

Silica of the plant . ■ 37*27 

Phosphoric acid 7'67 

Sulphuric acid 4*37 

Carhonicacid .......... 1*51 

Chloride of aodinm 1*84 

Potass 13*86 

Magnesia 3*96 

Lime 11-81 



101*19 

It would appear then from the above analyses, that the principal difference between 
the permanent crop and the two others consisted in the larger amount of soluble 
silica, which, together with the greater proportioa ot usb, may have arit>ea trum the 
Straw predominating in quantity over the grain. 
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It liext appeared to me deniable, botb by way of testing the accanu^ of these ie> 
ealta, and likewise of aecertainiiig whether the third aample of bariey analysed might 
really be adopted as a fair represmtative of a standard crop, to examine separately 
the grain aad straw talcen from a crop of amage quality grown in the neighbourhood 

of Oxford. 

Mr. Druck of Ensham accordingly supplied me with a sample of barley from his 
fiurm, of which the following analysis was made by Mr. Way. 

1000 parts of the crop of barl^ from a field near Ensbam, situated on the Oxford 
day, ocmristed of — 

Grain 575 

Autni ...... 37 

Straw 889 

' 1000 

<y Me Chmn* — lOO parts yidded of ash 9*04 parts, 1 DO grains of which consisted of— > 



Charcoal*, extraneous . 24*51 
Peroxide of iron, extraneous 2*30 

26-81 

Ingredients of the grain . 73*86, viz. — 
Total . . . 100-60 



Sand and charcoal, extraneous 4*20 
Penncide of iron, extraneoas . 4*74 



Ingredients of the straw. 
Total . . . 



8*04 
94'62, viz. — 



108'56 



Saiea 


34*61 


or 


matter. 

33-a 


Phosphoric acid . 


22-07 


or 


31*2 


Sulphuric acid . . 


2*48 


or 


3*4 


Carbonic acid . 








Chloride of sodium 


1-48 


or 


2-3 


Potass .... 


14*10 


or 


191 


Magnesia . . . 


5 '63 


or 


7-6 


Lime 


271 


or 


3-6 




73-86 




100*4 


ash, of which 100 parts contained^ 


'Silica .... 


4472 


or 


47-26 


Phosphoric acid . 


1-68 


or 


1-80 


Sulphuric acid . 




or 


4-60 


Cai bonic acid . 


l-2i 


or 


1-27 


Chloride of sodium 7'86 


or 


8*25 


^ Soda .... 


O'oe 


or 


1*06 


Potass .... 


39-96 


or 


84*40 


Magnesia . . . 


1*67 


or 


1-70 


Lime • « « . 


9-15 


or 


9*65 




103*56 




09*88 



* land. in 
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QflAr Jmlm.'-^IOO partt yidded 187 «f aib^ of which 100 parts 



Cliansoal and saod, extcaneoai.' 6^33 
Feroxide of iron, extraneous 1*63 



Ingredients of the aulm 



775 

90*68, vix. — 



Total 96*83 



'Silica .... 
Phosphoric acid . 
Sulphuric acid . 
Carbonic acid . 

Chloride of sodium 0*73 

Soda .... 0*83 

Potass .... 1<23 

Magtteala . . . 0-90 

Lime .... 4*60 




98*88 100*03 



According to these data the crop of l»arky wiil consist as follows : — 



Qnim .... 5750a Straw .... 38800 
YwMtngofasli . I l7o| Yielding of ash . 1629 
Of which the ex-"| j Of wliii li (lie exO 

tranoous mattor >- 313! traneous matter > 141 
to J uoottntedto J 



Realaih . . 857 
The latter conristing of 



Silica 

Phospliiiric acid 
Sulphuric acid . 
Caroonic acid . 
CUoride of aodium 
Sod> . 

Potass . 
Magnesia 



287' 

270 
29 
00 

00! 
161 

65 
31 

MS 



Real ash . 
Conaiating of 
SiKea .... 

Phosphoric acid 
Sulphuric acid . 
Caroonic acid . 
Chloride of •odium 
Sod* .... 
Potass . . . 
Magnesia . . 



Aulm . . . 

Yielding of ash . 

Of which the c\- ' 
traneous matter V 
amouBtedto J 



568 



1488 

705 
26' 
70I 
1 s 

122! 
15 

3Rl| 
2j 

143 

14U 



Real aah. 
Conaiatiog of 
Silica . . . 

Phosphoric arid 
Sulphuric acid 
C'nrbonic acid 

Chloride of aodiuai 
Soda . . . 

Potass . . , 
Magnesia . . 



ToUL 

96868. 



77-5 


3406-5 


5-5 


4S9-S 


72-0 




64*50 


1056-50 


013 


296-13 


0*65 


99-65 


000 


18-00 






0*14 


1S*14 


0-93 


525*9S 


0-65 


90-65 


■vr.o 


i:7-co 


71*17 


S4I9*17 



Now accordiiiir to tliis calculation, 100 parts of the mixed ash ought to contain 
the subjoined quanliiieii of the logredients below- luentioned, aud by comparing these 
with tiie oompoflition giren of the ashes obtained froin the three crops grown m the 
Botanic Gardeuj which I have deduced from the analysis liefore given, after deducting 
in each instance the mattera rq;arded as extraneous, it viSl be seen that tbero is a 
near corrsspondenee. 

charcuiU, fur iiftcr ilie first nnuly^is hnd been completed, another portion of the nsh was fn-icd with pota«s, afkor 
vhich the silica obtained agreed within 0*3 with that procured in the first instance hj the usual process. 

I am Ihe not* amioas to state lim, as it wdt be seen from the •tatemcat gina ia « •abeequent page, that 
tiWK ia • great discrepancy between the pcr-centage of silica given in Mr. Wat's aoaljaiB and Chat R|iartadbj 
SrsBKOBL, a diacrefMUDCf which, without this explanation, might b« attributed to a mut of em on his |Mrt ia 
zttt diasolriag tfa* wkolA of the silica. 



M. DAOBmr OM m botatioii or mom, ao. 

100 grains of real ash ooQtMn, — 





Botanic Garden. 




Shiftina. 


SUaiknL 






3 2 -3 


46- 1 


45 0 




. i«*a 




1 1 •a 


V A 


P^^hcwc scid • > « 


. 4-1 


«-r 


«•» 


5-2 


Caroonic acid 


. 0-7 


2-5 




1-8 


Chloride of sodium . . 


. 5-7 


61 


i-r 


2-1 






00 




(H) 






22-6 




16-8 




. S-7 


60 


4-4 


1-7 


. 7-* 


180 


»-7 


14*3 


Total • » • 


. 99-€ 


«»•» 


99*3 


99-1 


Or Aciils . . . . 


. iT-no 


14-7 


16-4 


16-2 






350 


35-8 



These results are interesting on two accounts ; first, as they show what tlie com- 
position of barley is wlieu cultiviitcd under uafuia! circumstances, or witliiri what 
limits its variation from a aormal condition may be circumscribed ; sccuudly, as 
they GODfirm the geneml exactness of the preceding analyses, by the correspondence 
which is ieen to exist iMtween the compontlon of the shifting cropj as ascertained 
h\ c periment, and that of the sample obtained fliom Mr. Dauca's brought oat iiy 
the above method of computation. 

As the analyses of the ash, both in the case of the straw and of the grain, were 
performed by Mr. Way, whilst the proportion between the grain and straw, as well 
as that subsisting in each inrtanee betareoa the crop and its asl^ was aaoerCaiaed by 
niyacif, the statement which I have just submitted as to the real composItMm of the 
crop, calculated from these data, would hardly have presented so near au accordance 
with tlie analysis made of the entire crop which I had obtained in the Botanic Garden, 
had not both the one and the otln-r be* n executed with considei-ibk- care. 

It was far otherwise, however, wtieu we uouipared our results with tliose of Spbknobl, 
In whicbf amongst other striking discre p a nc i e s, we otMerve, that the proportion of 
soda stated to exist in the grain exceeds that of the potass, whilst In oor analyse^ 
only so much as was eqnralcnt to the amoont of chlorine appeared to be present*. 



•Ovail^rfifa 








Pboa|iiioric acid . . 












CUDridesTMtfM 














7< 




3-6 




0-0 


10(h4 



Silica BO'S 

Phoxphoric acid , 8*4 

Sulphuric mcid ........ S-S 

Carbonic acid 0^ 

CUa«M*«rHta .... M 

Potaa , 11<Se 

Soda lS-90 

Magaada 7-6& 

Lime 4*50 

Alumina 1 '50 



Silica 

Pbospkorie acid 
Sulphuric acid . 
Carbonic acid . , 
CUwida< 



646 



Soda.... 
Magnesia 
Lime ... 
.\lumina 



»91 

S-36 
0-00 

97-OS 



203 
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Thb ^screpanc^ made me d«ilRMMi af learning, whether, in accordanoe wifh the 
obeervatUmB of Wul and Fnsramus, any mailced icariation in the character of the 

alkalitie constituent might subsist between barley cnttivated in an inland county like 

Oxfordshire, and near the sea, and I theicfoi-c procured, tliiongh tlie kindness of a 
friend, one sample from the coa«t of Essex, and another from that of Cardigansliire, 
in South Wales. 

The following were the resalts obtained of barley from the sea coaet of Eeiex 
1000 grains yielded 19 gndns of ash. 

100 grains of this ash contains^ of— 
Sand aiul charcoal, extraneous . 23*28 
Peroxide of iron, extraneous . 2*44 



25*72 

Silica 24*89, or, excluding extraneous matter 34*0 

Phosphoric acid ..... 21*84, or, excluding extraneous matter 29*7 

Sulphuric acid r7d, or, excluding extraneoas matter 2*4 

Carbonic acid 0*00 0*0 

Chloride of sodium .... O'OO, tliere being no chlorine in the ash. 

Soda 1-05, or, excluding extraneous matter 1*3 

Potass * « . . 15*42, or, exehiding^ extraneous matter 21*1 

Magnesia ....... 5*29, or, excluding extraneous matter 7*2 

Lime 3*36, or, excluding extraneous matter 4*5 

99 36 100-2 
25*72 

Real injirredipnts of plant . . 73*64 



Barley-straw belonging to the same crop from Esiiex. 

1000 grains yielded 49 grains of ash. 
100 grains of these ashes contain, of— 
Sand and charcoal, extraneous 8*59 
Peroxide of iron, extraneous . 4*26 



12*85 

Si!if;i ,. 41*81 , or. exrludinfr 'extraneous matter 48*9 

Pit r '-filiuric acid 41 8, or, oxcUiding extraneous matter 4 9 

Sulphuric acid 0*67, or, excluding extraueous matter 0*8 

Carbonic acid 0-00 0^ 

Chloride of sodinm .... 0*58, or, eidnding extraneous matter 1 1*2 

Soda 0*65, or, excluding cxti-aneons matter 07 

Potass 18*49, or, exf! rifling extraneous matter 21*6 

Magnesia 4*95, or, excluding extraneous matter 5*7 

Lime 5*18, or, excluding extraneous matter 6*1 



98-36 99-9 
12*85 

Real ingredients .... 85-51 
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The stmir of Cbe barley grown on the oout of Walei was not examined, bat the 

ash of the grain from that quarter was found to contain, in 100 parts, 9*64 potass, 
1*32 of chloride of sodium, and only 0 84 of soda, the smallrr proportion of potass 
being explained by the larger amount of extraneous matter present in the residuum 
left by it after calcination, than by the samples previously noticed. 

The small proportion of soda, bowOTer, both in this, and In the former case in 
which (he sample was obtained from the ndghhonrbood of the sea, seems to militate 
aglunst the general conclasi<m dedtieed by Will, from his analysis of barley taken 
from the interior of Germany, as compared with the same brought from the Nether* 
lands. 

Potatoes, 

The crop grown in a recently ataiiured portion of ti>e Botanic Garden, separate 
from the spot set apart for the experiments, proving defective in quality, I selected 
as my standard a good mealy sort reared in the ndgfabourhood of Oxford, in the 
same kind of subsoil. The following will give the relative composition of this, and 

of the two crops obtained from the g-roiind left for ten years unmaniired, whieh, in 
the case of that styled the permanent, had borne potatoes for ten years consecutively, 
whilst in that styled tiie shifting, it had only borne them in 1844, having been occu- 
pied with the following plants on the nine years preceding, viz.— 



1835. Delphinlnm consolnla. 

1836. Trifolium pratense. 

1837. Nicotiana ruslica. 

1838. Valeriana Phn. 
1^. Valeriana Phu. 



1840. Linum usitatissimum. 

1841. Solanum tuberosum. 

1842. Papaver soiuniferum. 
1848. Honlenm sativum. 



Standard Crop. 

c 7 6 of ashes. 

Of the tubers, 1000 grains yielded about . . . < 7^6*0 of water. 

l380'4 solid organic matter. 



1000*0 

Overlooking the small amount of eztianeons matter intermixed, the ash will of courae 
represent the proportion which its inorganic constituents bear to the whole quantity. 
Now 100 grains of this ash consisted of — 

Sand and charcoal, extraneous . . . .')-93 
Peroxide of iron, extraneous .... 6 85 

1278 

Silica . 5-81 

Phosphoric acid 9*68 

Sulphuric acid 5*23 

Carbonic acid 5*84 

Chloride of sodium 2*06 

Chloride of potassium 

Potass , 3/ UQ 

Magnesia 10-98 

Lime 271 
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TdbeiBt iOM gniitt yielded 



100 grains of this ash consisted of — 

Sftnd and charcoal, extnneou 
I^raside <rf icDDf actreneon 



12-7 of ash. 
7210 of water 
.263-3 8<4id organic matter. 




1770 

Silica 1*57 

Phosphoric acid 10*68 

Sulphuric acid 8*74 

Carbonic acid 10*68 

Chloride of sodium . 2*79 

Chloride of potassium 3*09 

Potass 3747 

Soda 000 

Magnesia 7-Ott 

. • 8<4 




Real ingredienits .... 80*54 

ShifHng Crop Potatoes. 

Ofthetnben, 1000 grains yielded 



10*8 of ash. 
719*0 of water. 
270 2 floHd oigaiiic tnattei'* 



1000« 

100 gniw this ash consisted of— 

Sand and charcoal 2*16 

Peroxide of iron 5*15 



7-31 

Silica 6*60 

Phosphoric acid 15*13 

Snlpln7ric acid 2 21 

Cai honic acid 1103 

Chloride of sodium 1*87 

Chloride of potassium 0*00 

Potass 4612 

Soda 0*78 

Magnesia 6'31 

Lime 2 54 




Reid ingredients .... 92*57 
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The above analysei of potatoei, it mmf 1>e obaeired, agree mon nearly wHh 
Bovinif OAVf^r than with SrasMou^ will appear bj the idlowinir lUle s 





BMMIIi*Ain.T. 


Snmon. 










SiUca 


5-6 


1-0 


1-95 


7-150 


6-67 


Phosphoric acid . . . 


11-3 


4*8 


13-30 


16-200 


1115 


Sulphuric acid . . . 


71 


G-5 


4 CG 


2-370 


6-00 


Caroonic acid . . . 




OO 


13-30 


11!)00 


6-70 


Chloride of sodium. . 




00 


3-43 


1-950 


2-30 


Chloride of potaMium . 


00 


0-0 


0-00 


o-ooo 


7-00 






38*5 


coo 


0-640 


0«0 




51-5 


48*2 


46-60 


50O0 


4S-80 




5-4 


9-9 


8-70 


6-85 


12^5 




1-8 


4-0 


4*54 


2-70 


8-10 



The correspondence between the standard crop analysed by Mr. Way and the one 
analysed by BoveuNOAuur, is in many pacticulara ekceedingly dole s tlwce is indeed 
an cxceBi of niagneda and some little deftdeney of potass, bat if the potassium 
present in 7'6 of chloride (which is equivalent to 4-0) be represented as potass, it will 
amount to 4-8, which, viMtni to 43*8, brings np the proportion of potass to 48*6, or 
to more than that present in the permanent crop. 

Tknwips. 

The next kind of crop vfaicb we analysed was the tumipe, and the following were 
the results obtained i — 
Standard sort from the neighbourhood of Oxford^ contained abont 10 of water, 

and 1 of organic matter. 

1000 grains yielded 3-18 of ashes ; 100 grains of which consisted of--> 

Sand and charcoal 5-28 

Peroxide of iron 11*91 



17-16 

Silica 3-81 

Fbosphoric add . . . >' ISNiS 

Snlpbaiic add . . . . . . . 7*17 

Carbonic acid 7'04 

Chloride of sodium ....... 4-83 

Soda 2-57 

Potass 31-62 

Magneda 8'18 

Lime 11-54 



10l*j»5 
17*16 



Real iqgredients .... 84'39 
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TVfrnqnr. 

Shifting crop. 

Sand and charcoal 4*01 

Peroxide of iron « 3*81 

7*82 

Silica 3-30 

PImsplioiir acid . 10*77 

bulpliuric acid 9 4$ 

Caitonicacid 8*66 

Chloride of sodiam &00 

Chloride of potaasinm 5*40 

Potass 30*46 

Maj^'Ticsia «..«..»«.• 5*08 

Liiue 10*44 

99-42 
7'82 

Real ingredients .... 91*60 
Tuntipi. 

Permanent crop. 

Sand and charcoal 3*92 

Peroxide uf iron 2*80 

672 

Silica 2-67 

Phoephorie acid 12'80 

Salphnric acid 11*07 

Carbonic add . - 9'75 

Chloride of eodinni 1*74 

Soda 0 00 

Potjuss 39-44 

Magucbui 3'83 

Lime . . . .. . 11-81 

9973 
6-72 

Real infrrcdicnfs .... 93*0 1 

Here also there iii a pretty near coincidence between the analysis of Mr. Way and 
that of BoussiNOAULT, excepting it) the anion tit of phosphoric acid, which corre- 
qNHkds nearly to that reported by Snaiiou^ with whom however in other reqwcts 
there u but little agreement, as will appear from the following Talile : — 
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Wat. 


Pennaoent. 


Sliifting. 


Standard. 




6-4 


7-8 


8-87 


S'GO 


4-5 


Phomborie add. < . . 

Sulphuric acid . . . . 


e-o ■ 


14-0 


1S*70 


11*60 


14*9 


J 0-9 


7-9 


n-80 


10-30 


8*5 


Carbonic acid . . . . 


00 


()-0 


lO'lO 


9-40 


8*S 


Chloride of sodium. . . 


0-0 


0-0 


1-83 


0-00 


5-7 


Chloride of pota«sium . . 


00 


oo 


0-00 


5-90 


0-0 




4-1 


21-0 


0-00 


0-00 


31 




337 


14^0 


4S-40 


42-QO 


S7'4 


Mapnesia ...... 


4'S 


4'3 


4-10 


5-60 


8-8 


I J 1 1 1 1. 


HiTi 


2 r 1 




1 1 '.^-j 







BoVtklNOAVLT. 


SfaKNOBL. 


Wat. 


Permanent. 


Shifting. 


Standard. 


Potass . . . 
Soda . . . . 

Alkaliet. . 


33-7 
41 


21-0 
14-0 


42-40 
1-14* 


45-74 1 

0-00 


37-40 
6-16 J 


37-8 


ii-O 


.4&'M . 


. 44-74 


4S-56 



Hbhp. 

Standard crop grown in tbe Botanic Garden apart from the portion reserved for 
the experimento. ... 
100 gFBioa of the crop left 6*1 of ashes, 100 graiiM of which contained of— 



Charcoal and sand 7'48 

Peroxide of iron 2-^8 

lO-M 

Silica .. . ........... . . . 5*58 

Phosphoric acid 5*44 

Sulphuric acid 1-00 

Carbon tc sicid 19*81 

Chloride of sodium ....... 1*79 

Soda 0-96 

Potasa 13-71 

Magneoa * . . 7"67 

Lioie . 34-03 



100-29 
10-26 

Real ingredients .... 00*03 

« inK,ai.EM.I'eS:s8od*l-14. JViz. Soda 3 10 

t Vix.PMmi 42 00 Ch. Sod. ...f «-7=3 06 

Ch. Pot. 5-9 = PotaM 3-74 "7~~ 

6-16 

43-74 
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Hemp* 

SbifUng; crop. 

100 parts yielded 7*01 of uh, 100 parts of which conaisted o^ 



Sand and charcoal 8*80 

Pbroxideof iron 3 78 

1208 

ffilica , 8*71 

Phosphoric acid 5'6S 

Sulphuric add . « * 0*73 

Caibuuic acid 20*10 

Chloride of sodium 0*63 

Chlofkie of potainatn 0*00 

Soda 0*14 

Potass 7'49 

Magneda 5-l9 

Lime 39*00 



9975 
13-08 

Real ingredimts .... ST-ST 

Permanent crop. 

too parts yielded 6'00 of ash, 100 parts of which consisted of— 



Sand and charcoal 10*40 

^roxide of iron 3*94 

14*34 

Silica 8-39 

Phosphoric acid 4*50 

Sulphuric acid 1*09 

Carbonic acid 1 9*78 

Chloride of sodium 0*43 

Soda , 0-06 

Potass 7'S5 

Magnesia 2 is 

Lime 40*10 



98*13 
14*84 



Heal ingredients .... 83*78 
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The following will give a tabular view of the composition of the above three crops 
in 100 parts, after deducting the extraneous matters present in the ash. 



Standard. ^ Shifting. jPennuient. 



Silica ... 
Phosphoric add. 
Sulphuric acid , 
Carboaic add , 
Chloride 
Soda . 
Potass. 
Magnesia 
tame « 



6-13 
6-00 
2-00 
21-79 
1-89 

i5<oe 

8-43 
37'40 



99*80 



9-95 
6-50 
0-83 

23*00 
0-72 
0-16 
8*55 
5-95 

44-60 



10-00 
5-35 

1- 20 
23-50 

0-47 
<H)7 
8*63 

2- 62 
47-60 



100-26 100*00 



Plax. 

Standard crop grown in the Botanic Gaideu apart from the spot reserved for the 
experiinents. 

100 gnioB of the crop, including the ripened eeeds, yicUed 10*7 of ash, of which 
latter 100 parts contained — 

&uid and charcoal 12*02 

Peroxide of iron . 3*43 

16*44 

Silica 1*77 

Phosphoric acid 6-B5 

Sulphuric acid 510 

Carbonic add 15-69 

Ciitoridc of aodittin 9*43 

Chloride of potaMintn 6*04 

Soda 0-00 

Potass 31*73 

Mag^nesia 3'89 

Lime 18 30 

97-24 
13-44 

Real ingredients .... 81*80 



2 M 2 



Digitized by Google 



290 DR. DAUBBNY- OR THE IIOTJtTlON OP CROPS^ BTC. 

Ftax. 

Shifting crop. 

100 gnnnt of the crop yielded 8*0 of ulies, 100 grains of whicli conaiflted 



Sand and charcoal IS'lS 

Peroixide of iron . . . < . • ' . fi'41 

Silica 1-83 

Phosphoric acid 6*77 

Sulphuric acid 4*18 

Carbonic acid ......... I7'38 

Chloride of sodium 1-58 

Soda . 1*05 

Potass SO'&l 

Magnesia ^ ........ . 4/2 

Lime 21*66 

9813 
18*66 

Real Ingredients .... 70*67 
Permanent crop. . . 



100 grains of the crop jlelded 6'676 of asb, 100 grains of which consisted of— 



Sand and charcoal ....... 7'0« 

Peroxide of iron ........ sot 

I6'06 

Silica 6*66 

Phosphoric acid 6*66 

Sulphuric acid 8*12 

Carbonic acid 12*20 

Chloride of sodium 1*14 

Soda 5-87 

P^tiMS 11*06 

Magnesia 4*68 

Lime 88*60 

99-81 
16*06 



Real ingredients .... 84*76 
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The fbllowiog irill ftlunr Ibe oompoeitimi of tb« thvee crops of flax, after dednctrnif 
the estnneoiii mfttlcrs preaent in the a»b. 



lagredienU. 


StaiuUnL 


Shifting. 


Pernmneut, 




2-16 


2-3 


7-3 


Phosphoric acid. • • . 


8-40 


8-5 


7-3 


Sulphuric acid . . . . 


6-20 


5-3 


3-7 


Carbonic acid . . . . 


19-10 


21-9 


14-4 


Chloride of sodium. . . 


2-93 


2-0 


1-4 


Chloride of potassium. . 


7'SS 










1-3 


6-9 




26-50 


25-8 


130 




4-76 


5-9 






22-30 


27-0 


40-0 




9970 


IQOrO 


99-5 



Bbans. 

Standard crop <ri-o\rn in a part of the ik>tamc Garden disthict from the portion 
set apart for the experiments. 

100 grains yielded 6 45 of ush. 100 grains of which consisteil of — 



Sand and charcoal 12 00 

Peroxide of iron 2*33 

14-33 

Silica. 2-44 

Pbospboric acid 7*77 

Solpburie acid 3-9fi 

Carbonic acid 1 7*38 

Chloride of sodium 2-58 

Chloride of potassium ...... 0-91 

Soda 0 00 

Fbfaas SO*37 

Materia d-60 

lime . . .... . ..... . . 1717 



98*57 

14-33 

Real ingrediento .... 84*26 
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Beaut, 

{Shifting crop. 

100 parts of crop yielded 6*7 of ashes, 100 parts of which consisted of—* 



Sand and charcoal ....... 8*94 

Peroxide of iron 3*77 

1201 

Soluble silica 3'97 

Phospboric acid 3'83 

Sulphuric acid 2*49 

Carbonic add 18'4ft 

Chloride of sodiam 1*28 

Soda 0-22 

Potass 20-56 

Magnesia 379 

Lime 33 87 

8H-11 
1201 



Real ingredients .... 76*40 
Bams. 

Permanent crop. 

100 parts of crop yielded 4*4 of ash, 100 parts of which cuiisistwi of — 

i>aud aud charcoal, extraneous . . . 6*13 
Peroxide of iron, extrancoas .... 4*24 



10-37 

Soluble silica 4-05 

Phosphoric acid 3-29 

Sulphuric acid 1*96 

Oarlxmicacid 19*87 

Chlodde of sodiam l oo 

Soda 700 

Potass 12*77 

Magnesia 3'63 

Lime 35*76 



4>9-70 
10*87 



iieui ingredients .... 89*33 
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The fiollowiiqp Table will ihov the oorapositioo of the three crops of beans, after 
dedncting Ibe extraneous matters pcesent in the ash. 





Suiuknl. 




Pmnificitt. 


Soluble «ili4:ii . . , . 


2-90 


4-48 


4-50 


Phosphoric acid. . . > 


9-25 


4-32 




Sulphuric acid . . . . 
Carbonic acid . . . . 


3-50 


2-80 


2-19 


20-70 


20-85 


22-20 


Chlonde of MMliam. . . 


S'l? 


l'3» 


"Ma 


CUoride of potasriom . . 


1-08 


OHO 


(MM) 




0-00 


0-24 


7-80 


Potafl« 


36- 10 


23-20 


14-20 




3-20 


4-28 


4 06 




20-SO 


38-20 


40-00 




KNKXI 


99*75 


99-76 



Having now, with reference to the six plants above-mentioned, stated, not only the 
amount of every year's crop, but also the comfiosition of the last of each which had 
been obtained, we seem to be in a position to cuiculute the amount of the sevend 
inorganic ingredients contained in them, wbich will have been abstracted from the 
froond darlag the time the experiments were oarried on. 

This indeed is a question of little intet«it» so fkr as legar^ tiie adds and bases 
that are predominant ingredients in the soil, bnt in the case of tlw alkalies, the mag- 
nesia, and the phosphates, which exist there in rnor-c limited quantity, its determina- 
tion may atibrd us a clew towards the main object of our inquiry, namely, the 
cause uf the falling off of a crop after frequent repetition. 

In the cose of the barley, it y^U be seen, that the produce of the same plot of ground 
amounted in the course of ten years to 289*65 lbs., inclnding straw as well as grain, 
and that, taking the last year's crop as the criterion, this quantity would have yieldrd 

25"2lb8. of ash. 

For as \00—H-7—'2S9 Gb—2b-2. 

Now 26'2lbs. of ash would contain nearly as follows, according to Utc amilyijes 
given above 

Sand and charcoal i 

». .J *. y extraneous . . , 6-25 
Peroxide of iron J 

Silica 6'30 

Phosphoric acid 1-84 

Sulphuric acid 0*53 

CarlMnucadd . 0*47 

Chloride of sodium M8 

Fotass 4*36 

Magnesia 115 

Lime 3-52 



25*60 
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On the other hand, the shifting crope of barl^, which in ten years amounted to 

421 lbs., and wlueh, taking as our criterion the amount of ash yielded the hist year 
(1844), had drawn from the land 26-31 lbs. of inorganic matter (the sand, ctiurcoal, 
and pi ioxide of iron, drawn from other sources having been deducted), would have 
ahsdacteil from tiie soil in ten years, as follows: — 

Sand and charcoal 1 ^ - 

n 'J ri > extraneous . . 6*175 
Peroxide of Iron J 

Silfca 9300 

Phosphoric acid . . ' 3*370 

Sulphuric acid 0*600 

Cui hoiiic acid . O'SGG 

C'liloi idc of sodium . 0*364 

Potass 4*220 

Magnesia 0*915 

Lime • I'9e0 

86*970 

Prouceding now to the second ease, that of the potatoes, we find the amount of 

the produce, in the case of the peiinanent crop, in nine years to have been 620*8 lbs., 

yielding 7'37 of a.stics, of a l ich, liawever, about 1*37 were extraneons. Consequently 
<iuring that perio<l the inoi7;anio cunstitnents, abstracted from the 8oii,and contained 
in 6 ll)S. of real ash, would be as follows : — 

Silica Oil 

Phosphoric add .... 0*80 

Sulphuric add .... 0*37 

Carbonic acid . . . 0*80 

Cldoi-ide of sodium . . . 0*20 

Chloi ide of potassium . . 0 23 

Potuw 2*80 

Magnesia 0*63 

Lime 0*37 

6*00 

On the other hand, we find, in the case of the shifting crop, the average of nine 
years' produce to be 89*1, or nearly 80S lbs. for the whole period, yielding of ashes 

about 7*3 lbs. 

from which must be deducted, as eitraneons matter, about 0*7 

Leavingfor real ash .... 6*6 
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and coDtaiaiDg the following constituents : 







Phosphoi'ic acid . . . 


10/0 


SulDhnric Hffiiii ... 


. 0*157 


Cbrbonic add . . . 


. 0*785 


Chloride of •odiom . . 


. 0130 






Soda 


. 0055 












6-699 



In the caie of the next crop, the tnmips, I have not nilBei«&t data to detemiiae 
with exaetn«88 the amoaat of inorganic ingredienia octractcd firooi the mUj hajing 
omitted to weigh the bnlbs, from which the ash, in the case both of the permanent 

and shifting- crops, was derived. 

r find, however, that 1000 parts of a good sample from the nripi'hhotjrhood of 
Oxiord yielded 3* 16 of asb, of which about 0-55 was extraneous, so that 2*6 grains 
will represent the amount of inorganic constituents really present. 

The bnlbs obtained ftom the pmnanent crop in ten years amonnted to abont 
1008 IIm. ; so that the inorganic constituents eatracted from the soil in this instance 
may be reckoned at abont 2*02 Ite. 

Now 2 (>'2 \hs. of inor(ranic matter woold, according to the previous data, consist 



of tbe following ingredients, viz. 

lb*. 

Silica 0-075 

Phosphoric acid . , , 0*360 

Sulphuric acid . . . . O MIO 

Carbonic acid .... 0*273 

Chloride of sodium . . 0*050 

Potass 1*110 

Soda 0000 

Magnesia Olio 

lime . 0-332 

2*620 



Tbe shifting crop of turnips in tbe same period yielded of bulbs 1765 lbs., which, 
according to the same calculation, would have produced 4*58 of real ash. 

For a« 1008— '2(52— 1765 — 4*58. 

Now 4*68 ibs. of ash would contain tbe following proportions of inorganic consti- 
tuents, viz. 

UDOGCXLY, 2 I 
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Sllicik ....... 0*165 

Phosphoric acid . . . 0'640 

Salpburic acid . . .' 0*470 

Carbonic acid .... 0*490 

Chloride of potaasiiun . 0*970 

Potass I'OaO 

Magneaia ..... 0*235 

Ulna ....... 0*520 

4*600 

The uext crop I shall consi i' i is lump, of which tlie jvrrnanent crop, accordiiijy; tti 
the statenieats given in the first part ul this paper, would huve uuiouiiU:<i in niite 

year* to 371*85 Ifaa., or HO'IS lbs. per anniiin, yielding of aab 10*S7 Iba. 
Fbraa 100— 6*0— 271*25— 16*27. 

Now 16*37 Ibe. of aah irould conudn 
of extraneous matter about 2*27 

leaving 14*0O of Inoi^nlc principles belonging to tiie plant. 



which would consist of — 

SiKcR 1*30 

PlM.t.-,jjlnii'ic acid .... 0*70 

buioli uric acid .... 0*17 

CaiWiicacid .... 307 

Chloride of sodiom . . . 0-06 

Soda 0-08 

Potass 1*10 

MagneAia 1*40 

Lime 6*12 



1400 

Now tlie average of the shifting crops for seven crops was 40 lbs., afi(! as tbe ash 
obtained was about 7 per cent, its whole amount would have been 2 8 Ib^. 

Or in seven years (2*6x7)= 19*6 

Of which the exiraueous matter would be about 2*3 

Leaving of irtoreanic principles extracted from tbe eartii in seven years 1 7 3 

Or, if in seven years — 17'3 — nine years 22* 17 

Now 17'3 lbs. of inorganic principles consist of 



Silica . . . . . , 


. 170 


2*19 


Pho'^phoric acid , . . 


. 118 


1-52 


.Sulphuric acid . . , 


. 0-14 


0-18 


Carbonic acid . . . 


. 3*06 


6*10 


Chloride of sodiam . . 


, . 012 


0-15 






0*04 






1*90 






1-29 




. 7-60 


9-80 




17*20 


22-17 
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I next proceed to tbe hux., which ia ten years produced^ as we have Been, an 
amount of crop equal to 136 lbs., yidding of ftsbes 8'4 Iba. 

of which 1*36 WM extnuMMit. 

Loanng of ccal aah 7*14, which would oonaist of— 

Silica 0-5S0 

Phosphoric acid . , . 0 520 

Sulphuric acid , * . . 0*264 

Carbonic add .... IHtaO 

Chloride of iodium . . 0*099 

Soda . . . • . . . . 0*490 

ftOam 0-995 




0-390 
2-850 



7-078 

Now the average of ten crops of flax, cultivated in diiferent plots of the same 
garden, was 22*7 lbs., yielding 1*816 of ashes, = in ten years 18-16 ibs.j of which 
3'36 lb6. were extraneoua, leaving 14*6 Ibe. of real ash, whidi woold conslit of the 
followiDf ingredients 



Silica 


. 0-84 


Pbospboric acid , . . 


. 1-35 


Salpburic add . . . 


. 078 


Carbonic acid . . , 


. 3*22 


Chloride of sodium . . 


. 0-30 












. 0-87 




. 4-00 




1476 



The tost of tbe crops made the subject of examination was the beans, where the 
aggregate of ten years' produce, in tbe case of the permanent crop^ was 247 lbs., 
which would have yielded 10 8 lbs. of ashes. 

Of this, however, about ri would consist of extraneous matter. 



Leaving 9 7 of real ash, 

consisting of tbe following ingredients 

Sillea 0*44 

Phosphoric acid .... 0*36 

Sulpburic acid .... 0*33 

Carbonieadd .... 3*18 

Chloride of sodium * . . 0*12 

Soda 076 

Potass 1*87 

Magnesia 0*40 

lime 8*90 



970 

2 I 2 



988 
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In the case of the sbifUng crop of beans tbe produce of ten years gives an aggre- 
gate of 336 IIM.J yielding of ash I9r\5 lbs., 

of which, however, abont 3*80 was cxtraneoas, 

loRTing 16'85 of real ash, 
wlncb woald contain, of— 



Silica ...... 


0-767 


Pttn^phoric acid . 


. . 0723 


Sulphuric acid . . 


. . 0-470 


Carbonic acid . . 


. , 3-500 


Chloride of Bodiom 


. 0-235 












. . 0-725 








16774 



Diagram showing the relation between tbe Permanent and the Shifting Crops. 




Before we proceed to inquire, whether the difference in tlie average anioant of pro- 
duce obtained under these tw^o mudes of cultivation arose from a deficiency of tbe 
organic, or of the inorganic materials present in tbe soil, it niay be worth wliile to 
present a tabular view of the numerical relation subsisting between the permanent 
and shifting crops in each instance, with respect to the entire crop, to the entire 
amount <^ inoiganic matter, and to the proportions of phoqihoric acid and of alkalies 
present in eaeli. 
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Total tmonnl of produce. 


InorKtoic rontlituenU. 


Photpbnric acid. 


AlVaUet. 






■ d lUSIIwU^ 


Shifting. 


Pennancnt. 




PcrtBAncnt. 


Shifting 


Bui^> > < • 


69-0 


J(HH» 


96-6 


1«04 


774 


1004 


774 


100-0 




17-i 


1«(H> 


91*0 


1004 


70*0 


1004 


804 


1004 


Tmniff .. 




1«<M» 




■ • ■ ■ 


774 


1004 


M4 


1004 


HsHip . . • . 




IMM 


6M 


1004 


464 


1004 


Sft'O 


1004 






im 




1004 


414 


100*0 


oo-o 


1004 


Beam.. .. 


7>tt 


1004 


584 


1004 


50*0 


100-0 


36-0 


100-0 



'Vhe i-esults in the twu first instances would seem to lead to opposite coaolusionji 
troin those suggested by the three latter^ iaasmucb as, whilst io the barley and tiie 
potBtoeo, the diiferenoe between the ameiint of inoi^pniiie censtitnento in the two ones 
waa mndi leoo than that between the pennanent and ohifting eropeoUectively taken t 
in the hemp, flax and beans the contrary remark applies. 

If we take the phosphoric acid, we find also tliat in the barley, and tnmips, it stands 
in a higher ratio to the other constituents in the permanent, than in the shifting crop, 
whilst in the hemp, flax and beans, it stands in a much lower one. 

A aunilar remark ap|riieo to the alkalies, 80 that no general condudon, as it might 
oeem, is dedodbks fkwa these premiaes. 

It appears to roe^ boweyer, that the existence of a larger relative amount of phos- 
pboric acid in the permanent than in the shifting crops of barley and of turnips, affords a 
stronger presumption in favour of a certain dependence of the produce on the organic 
matter, than the opposite result arrived at in the three other cases does of the reverse. 

If the lalling«4}ff <^the crop in these instances had arisn from a ddicieiu^ cf cer- 
tain of its inorganic prindpleo, such fbr instance as the phospbateo or the alltaliesj 'at 
least a corresponding reduction in these latter might have been expected to have been 
found in the ashes of the one which proved deficient in quantity ; whilst on the other 
hand, if the deficiency of organic matter be supposed to have checked the develop- 
ment of particular parts, as, for example, of the seeds, it might thereby affect the 
chanctCT <rf tiie ashes ohcained, and thna n smalter amount be alMtracted, withoot any 
actaal ftiinre, in the oapply allbrded by the soil to the planto that grew in it, talcing 
place with regard to them. 

laro led to this opinion, by the result of an examination, which 1 retjuc'-trd IVTr. 
Way to institute, into the nature of the inorganic constituents present in ordinary 
gluten, and in starch. 

The firs^ obtained from wbea^ yMdtd about three parts of inorganic matter in the' 
1000 parts, which latter contained as roach as 88 per cent of phoaphorte acid com- 
bined with lime, and a trace of magneaia, but no carbonate of lime*. 

-*'IfoiiadalMtli«ftthebnneoatiuii«dalMfwpfapartm the albumen of thegruo itaelf. and we 

know thaidM pfopordosof thsM Mvoil pwrlik m t»<he «^ 
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The latter, obtained firom potatoes yielded about 8'4S parts of tnorgaak matter ia 
tbe 1000, of wbicb only 477 fwr eent. was phosphoric acid, whilst was car- 
bonate of lime. 

Thus, in the case of r\'hpat, any condition of things which should check tbe forma- 
tion of gluten, would diminish the quantity of phosphoric acid present in tbe ashes 
of this pluut, even though tbe soil might contain an abundant supply of (bat ingre- 
dient; and as tbe formation of glatea is promoted by tbe presence mannres abound- 
ing in ammoniacal salts*, so it may easily happen, that this principle should be 
deficient where such manures are too sparingly administered. 

Tn a similar way, a variation in the constituents of barley and other crops may 
t>e supposed to arise, not only from a larger or smaller supply of inorganic principles 
in the soil, in tbe manner that Ldsaio baa so Inddly expbiined to os, but likewise 
from a more i^ratiAil exidbltioa of those products of tbe deeompodtioa of orysofe 
bodies, which favour the development of partieular organs, or of eertdn of the proK- 
imate principles which tbe latter contain. 

Which, hfm'ever, of these two snpposUions applies to tbe cases now under con- 
sideratiou, will be better seen, when we liave considered tbe OMupositioa of the soil 
in which they grew, as determined by analysis. 

PART lU. 

0» tke ekemicat composition of the mi/ ht which the cropt were grovm, md em the 
yreporthn t^iU vngredkmle fkei were avaihbtefor ike fwpeeee tfv^etaiioii, 

Tbe chief difficulty, wbicb occurs with respect to tbe analysis of a soil, rehites Co the 
determination of those ingreiilents which, like the phosphates and the alkalies, exist 
in minute proportions, nud which accordingly appear to have been overlooked hy 
Davy, and others, who lirst applied themselves to the subject of agricultural chemistry. 

It will not be necessary therefore to take up the time of this Society, by giving a 
detailed account of the method pursued by Mr. War in bis examination of the soUs 
of which I wished to learn the composition ; it may be soffident to state, that after 
separating the several portions, one from the other, by the mechanical method pointed 
out by Mr. Rham, and determining the relation which the coarser bore to the finer, 
the latter, which alone were supposed capable of imparting any noarishment to plants, 
at least within u limited period, was submitted to the usual course of euunination 
pursued by chemists. 

To ascertain the phosphates however, a distinct and a much larfsr poithn of tbe toil 
was operated upon, not less than 2000 grains being taken for tbe purpose, and this 
was digested for five honrs in watpr acidnlated with muriatic acid, the flask employed 
for the purpose being fitted up with a funnel attached to its neck, in the manner re> 

* See HBBMBiTAi>T'a ezperiaente qpotod ia tiw tUid «C mj LietarH aa AgntmUvn, aad Sit H. Pavt'i 

Lectorei on AgncuUmal Cbcsmiatrj. 
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commended by Or. Ubb, for tbe parpose of coodensing tbe acid which inight be dis- 
engaged in vapour, and KSloring il to the body of the Tcnel*. 
The liqoor, after being filtered, was evaporated to diyaew, ao as to diapel tbe 

greater part of the acid. 

The residuam was then treated with water, and an excess of ammonia was added« 
by which the iron, alumina, and phosphate of lime were thrown down. 

The whole was then carried to dryness, and gently ignited, by which means the 
greater part of the Iron and of the alnouita it rendenxl iuolnble in dilate acidtt vhieh 
take up tbe phosphate of lime. 

The solution was then treated with ammonia so long as any precipitate was thrown 
down, and the latter digested with dilute alrohol mixed with sulphuric acid, by which 
any alumina and iron that had been precipitated were concerted into soluble salts, 
whilst any lime in combination with phosphoric acid would remain as an insoluble 
sulphate^ fironi the anmant of whieh, wh*en wdl<waihed and dried, that of tbe phos- 
phate ptesent in the soil admits of lieing calculated. 

After ammonia bad thrown down the alumina, iron, and phoB|diate of lime, tlie 
alkalies existing in the ash would still remain in the solution. 

The latter was therefore again evaporated to dryness, and the ammoniacal salts 
driven off*. 

The residne was then treated idth water, bdled and filtered, after which a soln^ 
of carbonate of ammonia* to which a little pure ammonia had been added, was intro- 
duced into tbe liquor that came through. The remainder of the earths were thus 
thrown down, and nothing remained in soiotion except the alkalies. After the am- 
moniacal suits had been expelled by heat, the mixed chlorides of potassium and 
sodium were separated in the usual way by chloride of platinum. 

Snob then was the method punned fi>r determining the nature and proportions of 
those ingredients, wliieh, if not available for tbe purposes of vegetation at the present 
time, may at least be regarded as likely to prove useful to them within no very distant 
period, as being separable, by dilute muriatif" acid, from the mass of the earth. 

The soil of that part of the garden, in which the experiments above detailed had 
been condticted, varied in depth from three to four feet, and rested upon a stiff clay, 
of which the subsoil in the valley of.OKlbrd consists, whenever it is not overlaid by 
gravel. 

It was chiefly made ground, brought in to elevate the level of the garden above 
that to which the contiguous river rises during the winter floods, and about a year 
antecedent to the commencement of the experiments it had been manured with stable 
dnnf. 

I batve already expressed my rsgrst, that no analyiis was vonde of it until the pre- 
sent year, at which time tlie experiments bad been already bi-ougbt to a close. 

In a neighbouring part of the garden, which appeared to be similarly circumstanced 
to that which bad been set apart for the experiments, except that it bad been recently 

* Journal of the A^jHcultunl Society, vol. v. p. 617. 
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muautAf kbe iogredicate of Ibe impalpable portion of tbe toil, whidi Ind foved 
throDgh tlioineilie8 0fiifiiioaio?e,irerefoiindby Mr. WATtoboasfoUom: — 



Sftod andeley. . . . 410*44 

Organic matter . . . 103*96 

Silica 95 06 

liinc 139-53 

Peroxide of iron . . . 98*33 

Alondna 86*60 

Ctarbonic odd. . . . lOO'IO 

Sulphuric add . . . 1*8S 

Chlorine a trace. 

Magnesia 46 

Potass ...... 2*58 

Soda * . . 1-18 

FhoBpbateof lime . . *7S 

99570 

Loes 4*81 



Coarse sand .... 890*00 
Stonei and pebblet . . 870*00 

2760*00 

Tbe soil of tbe garden in which the experiments had been conducted was also sub- 
jectfd to a similar examination, the plot which had grown a crop of barley for ten 

years without manure having been selected. 
The following were tlie results : — • 



Sand and cUqr. . . 


. 407-00 


Oi!ganic matter . . 


76*00 






Lime 


. Ml'17 


Peroxide of iron . . 


. 103-80 




•85 




86*00 


Snlphnric add . . 


1*66 


Carbonic acid . . . 


. 125*69 




2-91 




•29 


Pliusphute ut lime . 


80 






Loos . . 


8-64 




1000*00 


Coarse eand . . . 


. 810^ 


StmiM and pebblce . 


. 660*00 




2470*00 
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la unotb«r of the beds which had reared a penuuneiit crop, viz. thut of pututoeci, 
Ibe pruportioD of the pbMplMae8,a]kalieSy and magnesia did not appear to vary much, 
the analytia of 1000 grains of the finer portion sifted, affoidiog tlie following resnlts 

Piioepbate of lime . . . 0*80 

Potsis 1-57 

Soda 0-27 

Magnesia 0H2 

The organic matter here was oS OO 

A third of the beds in the same garden, which had borne a crop of turni[)s lor ten 
years, exhibited rather a remarkable anomaly, as the phosphates exceeded in quantity 
oonsidecably that present in tiie contiguous garden, tbe results being as foUovs 

Potass, in 1000 parts . . 0-46 
Soda 0-74 

Phosphate of lime . . . 1*68 
Oi|;uiic matter . . . 110-80 

It will be seen, that the permanent crop of turnips in ten years would have extracted 
from tlie soil only 0 36 of phosphoric acid, whilst the barley in the same time had 
L'xtracit'd I 84, and the potatoes 0 80: hence perhaps tbe difference in tbe quantity 

pt*esenl in tlie soil. 

One only of the plots of ground, which had grown a succession of diflerent crops 
for ten years without manure, was examined*, and the proportion of the above 
ingredients found In it appeared lo be as follows, ina^ 

Potass in 100 grains . , 1*96 

Soda l'J2 

Phosphate of lime . . . 0 3 3 
Organic matter .... 7G'50 

It will be seen from the table in the following page, that, taking as our sUmdurd 

the compoutipn of tbe contiguous garden, of wMob the analyrfs is first reported, and 
in which tbe pn^rtion of phosphoric add would seem to be lower than it b in most 

of the plots of ground experimented upon, even after ten years' cropping without 

manure (judging from the few which we're examinod), a sufRclent quantity of the 
above ingredient existtd, to supply what wonld be necessary for nineteen crops of 
barley, of the same amount us the average of those obtained from the permanent bed, 
and of the same quality as that produced in 1844. 

* Tke cropi were, barley in 1S44, bemp in 1843, InidnHiail in tofaMoo ^ 1S4I, pmkj in 1S40 and 
isa*. oiitt ia MSB tad 16S7* pmtagr la 18SS. bMU b 1S». 
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In tlw ftolloiHnf Table the fcraUi ere all leduoed to ene etenderd. 

1000 grains of tbe sdL 



Mid wbblw 

Fine sand and dty 

Organic mnttcr . . 
Silica, soluble . 
Lime .... 
Peroxide of iron 
Alumina, soluble 
Carbonic add 
Sulphuric acid 
Chlorine . 
Maguesia . . 
Potass . . . 
Soda • • • , 
Phosphate of lime 



lOOS 

len. 



315000 
322-000 
141MXN> 
37*600 

34- 400 
50-500 

35- 500 
18-800 

a»4oo 

O'MO 

a trace. 
0-167 
0'!t.50 
0-428 
0*26$ 



PennancDt 
bcdof iMurlejr. 



267000 
428000 
IfiS-OOO 

30-400 
44-000 

5S-(H.nt 

41-800 
10*100 

sorm 

0«t5 
a trace. 

0- 344 

1- 180 

0-iiy 

0*982 



Bed which 
had borae » 
NMMnoaor 
M <(taniWt«a«n|w«M»i 



21*400 



0*332 
0-640 
0-109 

O'Ma 



997-650 j 997-428 



44-8* 



0-186 
0*300 
0*656 



Sl-000 



0-790 
0*470 



For one cubic foot of the Boil of the g-arden was found to weigh eighty-two lbs., 
from which it follows, that an area of 100 square feet to the depth of three feet ( whic h 
is less than the average depth of the soil in the garden), would contain 24,t>00 lbs. of 
soil, wbieh st I'O gr. to 1 lb. of soil would give an amount of phosphoric add eqoai 
to 8'5 lbs. 

Now it has been oalcwiatcd (page 230) that the quantity of phosphorie acid extracted 
from the soil in ten years did not exeeed \'84 lb., so that the permanent bed of barlev, 
whioli contains at present 0-8 of phosphate of lime, or 0-1 of phosphoric acid, would 
not have possessed before the cropping more than 1*26 of phosphate, or 0*63 of pbo6- 
pboric acid, in the iOOO giems. 

With respect to tbe albeiiee, tre shall find bj the same mode of eabnfaitioB that 
the medical garden oontalns in 100 sqnave iset — 

Iba. 

Potass Oil 

Soda 2*9 

And as each permanent crop of barley in the average extracted no more than of-- 

Potass 0*436 

Soda 0-064, 

(deduced from 1*18 of i hloride of sodium) in 100 parts, there would be a supply of 
potass equal to fifteen crops of barley, and of soda equal to forty-five crops. 

* 'riius we perceire that a seriea of ten 8uccc*«ivc crops of turnips had added morp orptnie matter to (he 
toil tbao It bud atwtracted. See Bodisi2(oadi.t'8 late work, chap. rii. on the Rotation of Crops. 
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Here also we have reosoD to believe, that the soil of the experimental garden was 
richer tban that upon which our cmlcolations are fomided, so that the hXBmg-oV of 
the crop cannot be attrihated to any actnal defidency either of alkali or of phoa* 

pboric acid in the soil. 
The amount oT magaetin in the soil was also very small, not exceeding 3*8 lbs. to 

the 100 square feet. 

This however would have been sufficient for tbir^>foar crops of barley, according 
to the estimate given (in p. 230) of the quantity taken up by the crop in ten years. 

When, however, we proceed to inquire into the quantity of these ingredients, which 
are at the particular moment in a condition to be taken up by the spongioles of the 
roots, we find the case very different. 

I have already pointed ont, that, with a view of imitathig nature as nearly as p«i8- 
sibie, water impr^nated with carbonic acid is a preferable solvent to oinriatic acid, 
since it may be presumed, that what is not extracted from the soil by a sufficiently 
large amount uf the former, is not in a condition to be readily assimilated by the 
plants that grow in it. 

I tberefoi'e took sift^ portions, each weighing 5 lbs., of the soil, from the part of 
the garden oont^oos to the eeeae of ny experimental at well as from several of the 
plots wlueh had grown either the same or diflhrent crops dariug ten years witboot 
the addition of manure, and having introduced them into earthen pots, with a bole at 
the bottom covered over w ith a piece of wire ganze fine enough to prevent the earth 
from falling through, I added to each a known quantity of distilled water which had 
been saturated with carbonic acid gas. 

After a certwn amount of the water had passed through, generally two quarts were 
taken and ovaporated to dryness, after which the residoom was treated, in the first 
place inth water, which took up the alkaline salts together with a little calcareous 
matter, and arrtrwards with muriatic acid, whit^h diiisolved the rest of the lim^ 
whether in combination with carbonic or with phosphoric acid. 

Having got rid of the earthy matter from the aqueous solution by means of oxalate 
of ammonia, the aUialies reniidning were converted into sulphates, heated and 
weighed, after which the nature of the alkali, combined with the sulphuric acM, was 
determined by the usual method. 

The acid solution was then treated with ammonia, and tht- precipitate, when well- 
washed and dried, was set down as phosphate of lime, iron being rarely present, and 
never except in minute proportions. 

The following results were obtained, by operating in this manner on the amis enu- 
merated below, and, granting that objectiona may be raised agnnst the precision of 
the method adopted, they at least suffice to show, that the ten years' cropping had 
reduced very materially the arnount of nuittrr innnediately available for the purposes 
of vegetation, however little it appear to have trenched upon the latent resources of 
the soil. 

S k9 
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Thus it is seeu, that wliiUt the entii-e quantity of phixiphate presient in 100 square 
feet of the fnrden loil a'moanted to 4891 1 graiosy or exceeded 6 Ibc, and that of alkali 
(indndioff both potan and aoda) to 293,700 greini, cxceeduig SS lbs., all that ooald 
he cxtimeted from the same quantity of soil by water wtis, 7134 grains of phoephate> 

and an amount of alkali sufficient to produce 83,540 grains of sulphate. 

It appears, moreover, that, in the soils which had been drawn upon for ten years, 
either by tlie saioe crop or by a succe&tiion of different ones, witiiout the application 
of mannr^ whilst the actoel amount of phosphate and of alkali wae fully as great as 
in the other parti of the garden, the qnanttdes eitracted by water were many times 
less ; and although it need not he inppooed, that wlwt had been withdrawn by two 
quarts of water constituted the whole amount of these substances which was available 
at the time for tlie purposes of veg^etation, yet it seems probable, that the facility with 
which the above ingredients were supplied to the plants, would bear i>ouie rciutiuii to 
the qoantities taken up by the same amonnt of water from the dUlferent eoili. 

Since, therefore, the amount of phosphates and of alkalies extracted by two quarts 
of water in thcee obms fells considenbly dwrt nS the quantities of those ingredients 
required for an average crop of barley, such as that produced for ten years in sorres- 
sion in the same soil, it may be fairly concluded, that the deficiency in liie prodace 
arose in part from a le>»s ready supply of these constituents being provided, than 
would have been the case in soil newly broken up, or recently manured, where, although 
the absolute amount of nutritions pcinmples may not be very different, the proportion 
of them in a state directly applicable to the uses of the plant will be much greater. 

This tivpothesis however seems to me only to afford a partial «'X|»lanafi(>fi of the 
problem hetore us; for repeated instances occur in this paper, of two soils presenting 
no apparent difference in the condition of their ingredients as to solubility, and in 
Other rmpects alike, which neverthdess' have varied very materidly in the amount 
and quality el tfadr prodnce, according as the erop has been a permanent or a shifting 
one ; so that in these instances, the crop had extracted difliefent quantities nf phos- 
phates and of alkalif'S from two soils, both of which were capable of supplying them 
with these principles, witli equal readiness, and in equal abundance. 

This circumstance might seem to favour the idea, that the quantity and condition 
of the Mganic matter pment in the soil may cxerdie some control over the deve> 
lopment of the crop. 

Upon the whole, then, it must, I think, [)e admitted, on the one hand, that the 
quantity of inorgrmic matter brought into a soluble condition would, otltcr rhinos re- 
maining the same, be more coutiiderabic in proportion to the activity witit which the 
processes of vegetation are carried on, inssmndi as these operations which result 
firom the vitality of tbe plant, would Aiciiitate that introduction of air and water into 
the body of the loH, by which a fresh portion of the aliove ingredients might be 
brought into a more soluble, condition — mnng to the separation of the clods of earth. 
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eanied by the fibres of IIm nota inriniiktiiig thennelMS amoiigtt thent'— owing to 
wntter impr^pMtted wkb isttrbonie add, exenited by the extremilies of the raolt, 
whicb nay exert its solvent power upon tUe princlplei eOMtelmd tm the soil — and 
owing to an imbibition, by the plants themselves, of the water snrrouncling them, 
which would cause a general movement and ctrculatioQ in the fluid contained in 
aii the portions of the soil contiguous. 

On the other hand, it would seeiDy that a dne supply of theee aeoeisary ingre- 
dieats, akeady {mpoied and available for their porjMees, wonU Iteelf be likely to 
&vour the developoient of the parte of the vegetable^ and thus to eanee a iargcr 
portion of such substances to be cxtrantrd from the earth, bjf the more vigorooi 
action excited within the secreting organs thetuselves. 

These effects are so connected tog^her, that it is difficult to pronounce whicb of 
theai deiervee to rank ae the fimt link in the eerles. 

The only infereoees, therefore^ I could ventare at preeent to deduce finom the fiuste 
whicb I have laid before the Society, are as follows:— 

1st. That it is quite consistent with the general tenor of the preceding' facts and 
observations, to maintain with BousstNOAULT, that the fnlling'-off of a crop is de> 
pendent upon a deficiency of organic matter proper to pi omute the nutrition of the 
plants, as well ae npon a ftilnie of ila inoijanic principles ; not indeed that the 
organic matter entere, as each, into the conBtitntioB of the vegetable, bdt that by Iti 
decompoeitton it fiiniiahes it with a more abundant supply of carbonic add and am- 
monia, which supply accelerates tiie development of its parts, and thus at once eiiables 
it to extract more inorganic matter from the soil, and enables the soil to supply it 
more copiously with the prindples it requires. 

Hence, perhaps, in part, the advantage of intercalating the Legonunosc and other 
fUlow crope» whicb generate a fancier amonnt of oiganie matter than the CerBalla, and 
which thus serve to <»rioh the soil by what tbey leave behind them. 

■indlv That it by no means follows, because a soil is benefited by manuring', even 
though that manure may, as in the case of bones, guano, &c., derive its effirafv from 
the phosphates it supplies, that the soil is therefore dntitute of the ingredient in 
qnestion, einoe it may happen, that it poweeroi abnndanoe of it in a dormant, though 
not hi an immediately available condition. 

In these cases, in which the agriculturist has been eamred by the results of actual 
analysis, that there is no real dearth of the princ iples p««f ntial to his crops in the soil 
irhich he is cultivating, but where he has .iscertained, either by the chemical mode 
pointed out, ot by an experience of the good effects brought about by manures, that 
the principlee in queetion are not in a etate to beeome immedialely applicable to the 
purpowB of vegetation, three conraes appear to be open to bim: — 

Ist. To npply a sufficient quantity of the same materials in a state in whicb thef 
can be absorhed by the |»lrinrs without deliiy ; 2ndly, to allow the ground to remain 
fallow, by which expedient time is allowed for a further decomposition of its mate- 
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nab, and for a renewed extrication of its useful ingredienta, to take place ; 3rdly, to 
pradiic* by tbe variovt medioda in daily use, inch a itiiTing and palvoriaMion of 
Che graund, as may admit of a man thoroiigb admimiim of ur and moMtore^ and 
consequently accelerate the prooeu of dilintegiaiion in a greater dq;ratf than voold 

take place under natural circumstances. 

Examples will occur to every one of the successful adoption of each of tht-sv three 
practices: of the nrst, in the ordinary process oi manuring', and especially in the be- 
neficial eoneeqnenoei reenlting from the nee ef Ixnn in the olmneted paetwee of 
Cheihire and other elmilar locafitice ; of the leoond* in the syetem eo general fai the 
early stages of agricolture, of allowing land to remun at rest for a certmn period 
with a view of restorinnj to it its exlirniRted powtT-i. — -a nietho<l which would be nh- 
sord, if the alkalies, phosphates, and other of the more scanty ingredients were ab- 
Boluteiy dehcient, but which would be likely to prove efficient^ if they were only 
hMked np within the teceiHB of the eoil, and fequred tine to fender them aotivei 
of the third, in the praetiee iceoited to l>y Jmsao Ita, who boasted that he eoold 
realize an abundant crop year after year without manure, provided the ground were 
only >tit i t i! nnd broken up sufficiently, — a statement which seems confirmed, by some 
of the results of spade husbandry, and in a certain degree by those detailed in this 
paper, with respect to the permanent crops which are herein mentioned as having 
been made the snlqeet of eaperimsnt. 

The ohOMse between the above thtee methods wlli of coarse be determined in eaeh 
instance by a balance of economy, and although in general this latter consideration 
will incline the farmer to prefer the ordinary method of manuring, either to the 
sacrifice of a year s produce, as in the second metho<i, or to the expenditure of labour 
required to put into practice the third, still there may be cases where it might better 
MMwer bis pnrpoee to resort to one or other ef them, cither as being more advan- 
tageons in itself, or more suitable to the cireonMtanoes of the eaee. 

At any rate it may be important for him to be assured, that at the very time lie is 
ran«»ark!ng the most distant quarters of the globe for certain of the mineral ingre- 
dients required for his crops, lie has lying beneath bis leet in many instances an 
almost inexhaustible supply of the very same. 

For there seems no reason to doubt, that tiM a^ole omss of rode, whiob oomtitnlae 
the snbeeil in the seeondary and tertiary districts of this cooatry, hi as rieh in phos- 
phates and in alkalies, as the vegetable mould derived from its decomposition t and 
although the soil, in which the experiments in my garden were conducted, possessed 
a depth nearly three times as great as the average of those in which farm produce is 
generally raised, yet on the other hand, the amount of phosphates and of alkaline 
ingredioits reported to be present in them, appeam bi mm^ instaoees greater than 
that determined in the can helbre as* 

Thns Dr. Uan* gives an analysis of a soil in the parish ef Hocnohnrch, Essex, 

* JooiMl «f tiic Agikelliinl SodMf. 



S50 



DR. DAI7BBNT ON THE ROTATION OP CROPS, ETC. 



which contained four gmiDS of phosphate of liine in 1000 grains, whereas onn Muedy 
exceeded one-fiDortli of n grain in the mme qnanlity $ and if the former be regarded 

aa an exceptional case, I might refer to Sprengei^ who states, that the per-centage 
of p'H)<phoric acid in ttic ^oWa he analysed varied from 0*024 to 0*967 1 and of the 

Subfoil from iibout O HOJ to 0-2. 

I detected many ycava ago phosphate of lime iu several secondary limestones 
chiefly from the oolitic formation, and Mr. ScBwamaa of Brighton has determined 
the proportion of that ingredient* in the chalk near Brighton, to be not 1ms than one 
grain in the 1000. We need not therefore resort to South America for bones, if 
means could be found for extracting this ingredient economicaUy from the rocks of 
our own conn try. 

ardly. These fuels place in ratlier a new light, although one, it is conceived, not 
less striking than hi^re, die importance of taking care of the vartona cxemttetttitioai 
matters at onr disposal, wh^her proceeding from animal or from vegetable aooroes. 

Such substances indeed cuntain the products, which nature has. with so large a 

consumption of time, and by biu-li a number of complicated opprntions, elaborated 
from the raw material contained in the soil, and has at length bum^^ht into the con- 
dition, in which they are most suluhle, and therefore best tilted tu be assimilated by 
the oigane of plants. 

To waste them, is therefore to undo^ what has been expressly prepared for onr nee 
by a beautiful system of contrivances, and to place ourselves under the neoessity of 
pcrfortning, I)y an expenditure of our own labour and capital, those very processes, 
v liich ^latiuc had already accomplished for ns, without cost, by the tad of tboee 
anituute ur inaniinute agentM which she has at her dispoiial. 

4thly. The analyses above reported may suggest caution as to the infemioes which 
some might be disposed lo deduce from oertain rseearehcs lately annonnced, with re- 
spect to tlie power which a plant possesses of snbstituting one alkali, or one earth, 

for another, in the processes of vegetation. 

This substitution indeed, however brought about, is a fact which hardly admits of 
being questioned, supported as it is by the testimony of men so eminent as Saussure 
and as Liaaio, and indeed many of the analyses detailed in this pnper miglit be ap- 
pealed to in corroboration of its truth. 

Thus we ilnd, that whilst the amount itf bases agreed pretty nearly in the three 
crops of the same plant which had been analysed, the proportions between them 
often varied considerably. This is particularly seen in the case of the lime and n)ag- 
nesia, the deficiency in one of these earths being often made up by an excess in the 
other. 

. In like manner a deficien<7 of potass is found to be compensated by an increased 

amount of soda, and the same remark seems to apply to the acids. 
, Still we have not as yet sufficient data for dcfcrniining to what extent this ex- 
change of the usual ingredient for anotlier can take place ; whether indeed the same 
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organ, or dw aune praifaiMte jHrhidiile belonging to tbe plant, may Bdfldt at all of 
this ehaago in its conilitulioit talcing piaee ; or if it can, in what degree the pnunee 
of thia new principle may uffcct the healthy development of the vegetable. 

By taming to the Table which states the relative quantities (jralkaline ingredients 
extranfed from the difTerent soils by water iiiipi egiiateti with carbonic acid, it will be 
»een, that in mo&t of these the amount of soda predominated over that of potass, and 
yet the latter alkali was prindpally found in their aehee, an indtoalioaal laaat of mine 
anperior adi^Hation of potass to aoda for tbe organisation of i^nts*. 

Again, it is remarkable, that whilst in several of the soils soda appeared to 
exist in flie form i)f a curbotiate (since the quantity of chlorine was 80 small that 
only a minute trace of it was cliscovi nil)le in them), in many of the ashes of the 
plants, only as much soda was detected as would contain sodium equivalent to the 
chlorine present. 

Hence it wonid seem to follow, that common salt, when it acts beneficially upon 
land, does not assist the crop by virtue of the alkali it imparts to it, but in some 
other way, and that it is still questionable, at least in the cai^c of terrestrial species, 
whether plants have the power of decomposing chloride of fiodiura, and of separating 

its chloi'iiie. 

Lastly, the analyses contained in this paper may be of use at the present moment, 
by oontriboting to show, how much still reimdns to be done, before we can flatter 
onrselves at having attained any sure knowledge of the normal oonstitntion of plants, 
and of the range of variation of which under natural circumstiinces it is susceptible. 
At a time when certain enlig-htened members of the Royal Atrriculfura! Society 
have prevaile<l upon that great Body, to devote a portion oi their tunds to the prose- 
cution of the chemical analysis of the ashes of vegetables, whatever tends to render 
more palpable the importance of such an investigation, may be of servioe, in aiding 
their meritorious efforts, to give a more scientific direction to the inqnirtes which such 
associations are intended to promote, and in vindicating the utility of the course 
which they have in this instance adopted. 

Now tbe facts and observations detailed in the present paper contribute in two re- 
spects towards this object, viz. by showing that the composition of tbe most commonly 
cultivated plants is still open to much.nncerttunty ; and 2ndly, by pointing out in 
what way an exact knowledge of their inoiganie Ingredients might aid ns towards the 
SOhntioO of many important practical questions. 

I hope, it will not be i(ttt!l>iit('<l to any blindness on my part to the deficiencies and 
imperfections which exist in this paper, if I remark, that ua investigation ol u similar 
kind to the one herein detailed, if carried ont on a more adequate scale, undertaken 
OD ground more carefblly sdected, eondncted with a more vi^lant attentioii to all 
tbe minute cireumstances which might inflwmce tbe result, and accompanied by a 

* This is also shown my strilciogly in a paper «a tlit BMlyiii of Fnct, ica4 to the Bihiah Annekuioa it 
Cambridge, by Mr. SeBViima, in imaa 1644. 
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regalar Mriet of uudyses, both of tlio ami and of the cropa, durini^ the whole period 
of thiyr ctrntiaaaiice, wonld be of essential service in dearing op many points whidi 

yet remsun open to investigation iu agricnitural science. 

My Memoir may serve also as a kind of illustration of tlmt method ol iScientific 
Book-keeping, which I proposed some time ago, at once as an useful exercise for the 

agricaltalid student* and as a means of introducing greater precision in tbe oondnct 
of onr experiments on this sobject, and wineli I am tiierefore in having lliii 
opportunity of rendering more geneially known. 
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VIII. Jin Account of the Artificial Formation of u l 'egct»- Alkali. 
Bif Georok FownbSj Ph. D,, F.R.S.t Chemical Lecturer in the Middleses JJ<*spital 
MetStai SdM CommtHUeiati TtaoMM G^bam, Esq., F.R.S., ^c. 

Vttmni J$mKrj 9.— Raai Jtmuj 9$, 1845. 

A F£W oMHiths ago Mr. Mobww very kindly put into my haDdt, Ibr emninatioD, a 
qmnlity of daik-oaloared, viidd oil, amonnting to 8ix or teven ounces, which was 

sud to have been produced by the action of sulpbui-ic acid upon bran. The tarry 
appearance of the oil was evidently the result of oxidation, for the bottle in which it 
had bfcn preserved during a period of five years was very imperfectly closed, while 
a second and smaller portion, which had been kept in a stoppered bottle the same 
length of dme, altfaoogh dark in ooloar, wai perfectly thin and flaid. 

A portioii of the oil was Introduced into a retort, together trith a qnantity of wtfer, 
and the whole submitted to distillation ; water, accompanied by a heavy, pale-yellow 
volatile oil, came over. At the close of the process the retort was found to contain 
a solid, pitchy residue, insoluble in water, but dissolved in great measure by caustic 
potash, and again precipitable by the addition of an acid. 

The dietiiled oil, separated by a ftinnel from the water ander which it rested, after 
having been left a few days in contact with fused chloride of calcium, was distilled 
alone in a small retort fitted with a thermometer, the bulb of which dipped into the 
liquid. A little water came over at first with the oil, but this quickly rpased to ap- 
pear, and then the tenipeniture of ebuliiiion remained quite constuiit to the close uf 
the distillation, which was conducted nearly to dryness. It was inferi'ed from this 
nperiment that the oil was a single snbstanoe, and not a mlxtttre of two or more 
different bodies. 

The water which came over with the oil in the first distillation contained a very 
con <;tdf^i able quantity of that substance in a state of solutions it was strongly acid 
besides, from the presence of formic acid. 

The purified oil was next submitted to analysis in the usual manner, by combustion 
with oxide of copper. The fdlowing were the results: — 

(1) (2) (3.) 

Oil employed . . fi Z^grs. 7*79 grs. 5'547grs. 

Carbonic acid produced 131H grg. 17*74 grs. 12'64 grs. 

Water pro<iiiced . *2-27 grs. 2'96 g^rs. 'J- 1 2 grs. 

Hence the couiposiliou in lOU parts*, nitrogen being altogether absent, — 

* The eqaifalent of caibon is taken thnw^^tout =6. 
Si.3 



354 



MR. 6. FOWNEa ON TBB ARTIFICIAL 



(1.) (2.) (3.) 

Carbon 6273 gre. 6211 gts. 6214 grts. 

Hydiogeu 4-40 gP8. 4*22 grs. 4 24 grs. 

Oxygen 32'87 gn. 33*67 grs. 38*62 gra. 

10000 10000 100 00 

The formula Ci^HgOj, calculated to 100 part s» gives nntubers aliitosit cuinuiiient 
with tlie aboTe, vik. — 

Carbon .... 63*50 
H>-idrogen . . . i I7 
Oxygen. . . . 33*33 

100-00 

The following is a summary of the chief properties of the oil : — 
When free from water and freshly rectified, it is nearly colonrk ss, hut after a few 
hours acquires a l)rownisli tint, which eventually deepens almost to biackne<^s : when 
in contact with water, or when not purposely rendered anhydrous, it sticiuh less 
subject to cbuoge, and merely asnumes a yellov ooloor. Its odour resembles that of 
a mixture of bitter almond oil, and oil of cassia, but has less fragrant^. Hie spedfie 
gravily of this substance at 60'' is 1168 ; it boils at 323° Fahr., and disUls at that 
temperature without alteration, f old water dissolves the oil in question to a very 
large extent; by distillation, and fractioning the prmliicts, it run be again separated. 
In alcohol it dissolves with perfect facility. Concentrated sulphuric acid dissolves 
it in the cold with magnificent purple colour; tbe solution is decomposed by water, 
with separation of the oil. If heated with tbe add, it is charred and destroyed with 
evolution of sulphurous acid. Strong hydrochloric acid behaves in a very similar 
manner. Nitric acid, by the aid of a little heat, attacks the oil with prodigious 
vtoletice, evolving copious red fumes, and generating oxalic acid, which appears to 
l>e the only product. 

Solution of caustic potash, in the cold, slowly dissolves tbe oil, forming a deep 
brown liquid, from which acids precipitate resinous matter; by the aid of beat, the 
same dnoige ensues very rapidly. Metallic poiassittm was found to be slowly aetcd 

upon by the cold oil, but on slightly elevating the temperature, an explosion took 
placti, attended by a vohnninous flame and a large deposit of soot, my baud being at 
the same time severely burned by a portion of the projected potassium. 

Tbe most remarkable and characteristic reaction of this substance, however, is with 
ammonia. When placed in contact with live or six times its bulk of ordinary liqmar 
ammanuf, and left some hours, it is gradually, but in the end completely eonvcfted 
' into a solid, yellowish-white, and somewhat crystalline mass, which is very bulky, and 
perfectly insoluble in cold water. It may be easily collected on a filter, drained from 
the ammoniacal mother-liquor, and dried in vacuo over a >iurface of oil of vitriol. This 
substance appears to be tbe only product of tbe action of ammonia on the volatile oil. 
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Fbrtioos of the new body, prepared in the mnnner above atatad, and very carefully 
dried over sniphurie add, gave the following rcselts on analyria by combnstioti with 
oxide of copper. The proportion of nitrogen wae determined by the excellent method 
of MM. Wiu» and VAaaaimuFv. 



Snbatanee emoloved . . . 


(1 ) 

7*94 en. 


(2 ) 

6*37 firrs. 


(3.) 
4" 1 Qh ^rs 


Carbonic add prcdnced 


19*84 an. 


16>57 grs. 


10*24 grs. 


Water prodoced . . - . . 


8*34 gn. 


3*59 grs. 


1*60 gn. 


Hence, in 100 parta — 










(1.) 


(«.) 


<».) 


66'56 gn. 


66-66 gn. 


66*67 gn. 


Hydrogen 


4*63 gra. 


4*53 grs. 


4*47 gn. 


Determination of nitrogen* :- 








Snbatanee employed . . . 


(1) 




. (3.) 


6-03 gre. 


4-65 gn. 


4*46 grs. 


Platinam-aalt obtained . . 


10-10 gre. 


7-62 gn. 


7- 17 gn. 


Per-centage of nitrogen 


10-58 


10-64 


1016 


These results lead directly to the.formala Cu 


HtNOfS when this is reckoned to 



100 parts, it gives — 

Oarbon .... 67*19 

Hydrogen . . . 4*47 

Nitrogen . . . 10-48 

Oxygen .... 17-98 



100 00 

Hence it is clear that the solid substance is produced from the oil by the assimila- 
tion of the elements of one equivalent of ammonia, and the separation of those of 



three equivalents of water. 

Oil CijHfi 0«1f solid CisHjNGj 

4-1 oq« ammonia . HjN / ISeq. wi^. . . ^ Qa 



The new substance belongs in fact to the class of the amde$t which it resembles 
in many important particalan, as will be more apparent in the Mqnel. 
. In the year ia4l Dr.0nufiiooss*|- published an interesting paper on a peculiar oily 
matter, first noticed by DoaasaaiNBR, which occasionally appeara in very small 
quantity, in the preparation of artificial formic acid from sugar or starch, oxide of 
manganese, and dilute sulphuric acid, and to which he gave the nauie of artjjicial uU 
of ants. Dr. Stbnhouse, in the investigation above referred to, succeeded in pre- 

* It 11M17 not \m iniss perhupt to nwotioQ, thtt in tlie metliod adopted the orgvnie Mbrtuee is itRNiiglf 
boated ID a hard glati tube with a mixture ol hydrate of soda and quicklime. The whole of the nitrogen istaes 
thence in the form of ammonia, and being condensed intu lij droL'hluric acid, is afterwards converted into chlo- 
ride of platinum and ammonium, from the weight of which that of the nitrqgeo ia easily calculated. 

t niloMfiliiiailMafHtM for Fohrawy IMl ) alw AdadM 4ir ChaiMt rad Fhunaaifi. nxv. p. SOI. 
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paring this anbitaiiee at wiW, and in rafficknt qnantity to serve tlie parpoaes of expe- 
rifnent ; he found it composed of carbon, hydrogen and oxygen, and, what appeared 

very extraordinary in such a body, Ibe two latter eteinents were in the proporfions to 
form water. The analytical results, reckoned to 100 parts, were as follows 

Carbon . . . 
Hydrogen . . 
Oxygen . . . 



(1.) 




(3.) 


03'50 


61*87 


62-56 


4-37 


4-37 


4-lG 


33-04 


33-76 


32-9i» 


100-00 


10000 


100-00 



These numbers agree very closely with those furnished by the asrigned empirical 

foi'ituila C5 H2O2. 

There could be but little doubt that the oil upon which I had been experimenting 
was identical with the substance above described ; its properties agreed on the whole 
pretty well with those assigned by Dr. SraraousB to his interesting product, with the 
exception of its extraordinary behaviour with ammonia, which seems to have escaped 

notice, probably from time being required for the production of the amide. To com- 
plete the identification, therefore, a small portion of oil was pi-epared, the process 
described and recommended being closely followed. 2 lbs. of oatmeal, 2 lbs. of water, 
and 1 lb. of oil of vitriol, were wdl-raixed in a small copper still, and heated until the 
pasty mass became thin and fluid fVom the convmioii of the starch into dextrine j 
the bead was then apfriied and luted down, and distillation commenced. As soon as 
sulphurous acid hvgnn to appear, an additional lb. of water was introduced, and the 
distillation contiruied until that begun to escape in large quantity. The liquid 
which came over was then rectified to one-half, the product neutralized with hydrate 
of lime to fix the sulphurous and formic acids, and again distilled, the first third only 
being collected. A anmll quantity of heavy ydlow oil was thus proenred, and ae 
additional portion obtained by again subjecting the watery liquid to distillation. So 
far as could be seen, this oil corresponded in every particular virith that examined by 
myself; whpn put into solution of ammonia it formed in a few hours the charac- 
teristic yellowiiib compound, identical in composition and properties with that 
^ready described. 

The nature of the oil so for eluddated, it will be proper to return to the subject of 

the amide, or ammonia-compound, the latter term being however hardly applicable. 
The mode of preparation of this substance has been already described ; it is always 
produced when ammonia and the oil are brought into contact. It is very pale yellow, 
approaching to white, and nearly inodorous when dry and pure ; in cold water it is 
insoluble i alcohol and ether, on the other band, tedve It freely. It may be 
obtained in tufts of small, short, acicular crystals, by allowing a hot, saturated 
alcohoffic solution to cool ; or whiter and purer, by adding ammonia to a saturated 
aqueous solution of the oil, and allowing the mixture to stand several days. In 
chemical cbai-acters ibis amide much resembles the ^dmhenjumidf of M. LAoaxNT, 
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obtained by pnttiDg pure bitter •Imond oQ into lolotioii of ammoaia. It U alowly 
decompoeed by boilii^ water, and e?en by boiliiig aloobol, into free amnioiila and 
volatile <ni, and very slowly suffers the same kind of decomposition by moisture at 
tbe common temperature of the ivr. When heated, it tnelts, inflames, and bnrns 
with a smoky Wght, leaving- a small <lc|)osit of charcoal. Acids decompose it imme- 
diately ; a salt of aiuiiiuuia produced, and the original oil set free. 

The aelioo of alkalies on tbie anbetaooe is very remarkable, and well deiervee 
atlcntioD. Wbea boiled with a large qoantity of dilate solution of canslte potash« it 
dtseidves without the lemf n-olntim of ammaniaj and tbe liquid deporils, on coolixig, 
small, white, silky needles of a second new substance, having the samp t nmposition 
as the amide itself, but all the properties of a stahle and exceedingly enr i i,i tic organic 
base, possessing alkalinity, and having tbe power of forming wiih acids an extensive 
series of wdl-defined, and for the most part, crystalUiabie salts of great beauty. 

Portions of the new salt-base, prepared at dillbrent operatimis with tbe greatest 
care, were submitted to ultimate analyris by burning with oxide of copper as before, 
the substance being dried m vaeum over a sorfoce of oil of vitriol i the following 
results were obtained : — 



Snbstance employed . . 


(1) 


(2-) 




(3.)* 


2-668 grs. 


3-985 


grs. 


^•fim grs 


Carbonic acid produced . 


6-53 grs. 


fl 74 


grs. 


9 0G grs 


Water produced . . . 


112 grs. 


1-63 


grs. 


1-51 grs 


Hence, in 100 parts,— 


(1.) 
. 6675 


(2.) 




(.3.) 


Carbon . . . 


66-6(i 




66-B2 


Hydrogen 


4-66 


434 




4-53 



Estimation of nitrogen : — 

(1.) (2.) 
Substance einplnvcd. . 379 gi*8. 375 grs. 

Platinum salt produced 6* 12 grs, 6'11 grs. 

P^r-centage of nitrogen 10*18 10*88 

Tbe Isomerism of the two substances is seen to be most complete ; the nnmbers 
obtained by analyMS absolately coincide : and yet how discrepant their properties 1 
f am inclined to think that the nature of the isomeric change which the amide 

nndergoes in presence of the alkali consists simply in a duplication of its elements; 
at least, this is the simplest view that can he taken. It is besides the only pr<Mluc(. It 
will b« seen from analyses of tbe salts formed by this substance, that tlie proportion 
of matter required to tarn a perfectly neutral compound with an acid, organic or 
inorgftnic, is expressed by tbe formnla H|{ 0|, which is tbe double of the mnadir 
CuHf NO}. But then, as the constitution of this latter substance must be to some 
extent irnccrtain, since that of the oil is also unknown, and the amide Ibrms no com* 
iMOations, the above view must remnin merely conjertnrn! 

* Him ■pecimeB wm jw^ami fxvm the ozklate b/ precijuiutuio bj w&moBui. 
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I past now to a deacription of the propertie* of .the new sall-baie, of Un principal 
salts yet stiidied, and of the beat method of fweparation on a oonsiderable tcalcL 

The sobetancc itself crystallizes from boiliojf mrter in fine, soft, irhite, silky needln, 

much reseinblitif*^ those of c;iffino, quite pprnianpnt in the air, and even in the dry 
vucuuiM. It lias but little taste, although its salts ;iie very bitter; they are far less 
so however than those of morphia, or of the bark-ulkalies. It is inodorous. At a 
temperature rather below the boiling-point of water it melts to a heavy, nearly co- 
lourless, oily liquid, which on oooling assumes at first the consistenoe of a sofi rcdn, 
but eventually bccouics brittle and crystalline. When strongly heated in the air, 
tfie new substance inflames, burns with a red and smoky light, and leaves but very 
little charcoal. It is soluble in about 135 part>, of boiling water, but ;it>er cooling, 
scarcely a trace remains dissolved. Alcohol and ether in the cold dissolve it \nth 
the utmost facility; the alcoholic solution deposits, on spontaneous evuporutiou, ex- 
ceedingly brilliant silky crystals; the liquid has a great tendency to creep up the 
sides of the vessd. The alkaline reaction to test-paper, when dissolved in hot water 
or alcohol, is exceedingly strong and well-marked. Dilute acids dissolve this sub- 
stance with the utmost ease, becoming thereby completely neutralized, unle.ss em- 
ployed in excess; from these combinations the base is precipitated in an uncliang^ed 
state, by the addition of ammonia or of a ti^ed alkali. A salt of the new base gives 
uo precipitate with solutions of peroxide of iron, oxide of copper or silver, lime or 
baryta; the hydrochlorate forms with corrosive sublimate, a white, and with chloride 
of plaUnum, a bright yellow, doable salt. What Is rather remarkable, it is not pre> 
cipitated to any extent by tincture of galls. So powerful are the basic properties of 
this alkaloid, that when boiled wltli a suhitloii of sal-atumoniac, it deoompoees tlmt 
salt with evolution of ammonia and formation of a hydrochlorate. 

The salts formed by this curious body are exceedingly numerous, and would in all 
probaMlity well repay a more extended investigation ; the few yet exannned are the 
following: — > 

Hydrochtonle, — ^This Is eatily prepared by dissirfviii^ the alkaloid in dilute, warm 

hydrochloric acid, to saturation. The salt, which is perfectly neutral to tcst-pper, 
forms tuft.s of fine, s)ll<v, aciculnr rrv'stals, like those of hy lrurlilorate of morphia. 
It is very soluble in puie vvatei-, but far less so in an excess oi hydrochloric acid. 
The crystals retain their brilliancy when dried in vacuo over sulphuric acid. An ana- 
lysis of this salt gave the following results: — 

(CatlMa and hydrogen.) (].) (2.) (8.) 

Salt employed 5'855 grs. 5 435 gni. 6*116 grs. 

Carbonic acid produced . . 12* gr& 11-12 grs. 12*55 gi-s. 

Water produced . . . 3-49 grs. 2*27 grs. 2*56 grs. 

(I.) (2.) (S.) 

Cftrbon. . . . 65*89 66*92 66*97 

Hydrogen. . . 479 4-64 4*66 
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6r0fi7 gn* nit gave of ebloride ol niver 9*65 gn. b 10*67 per oeiik iihloifoe*i 
gn. wit gave of cbloffkle of lilTCrSiiagn. 0 10*00 per cent, cbknine. 
6'147 gis* Mlt gav« of dooUe ofaloride of platiiimn aid airniioniain 8il4 gn.B8'4& 

per cent, nitrofrpn. 

The formula H„ N, Og, HCI+2H0, reckoned to 100 parte, gives numbers 
closely agreeing with the precediog : viz. — ■ 



Carbon . . . 


. 55-81 


Hydrogen . . 


4*06 


Nitiwgen . . . 


9rf2 


Chlorine . . . 


. 10-98 


Oxygen . . . 


19^4 




KXHN) 



Wben a aolntion of the hydrochlotnte of tlieaew bate ie mixed with one of bichlo^ 
ride of platinum, an inaolnble, or sporingly-eolnbl^ bright yellow, crystalline preei- 
pitate fiillSj which is a compound of the two bodies. It is blackened and decom- 
posed by boiling. Wben heated in the dry state, it melts, blackens, and swells up 
to R prodtgioQS extent, evolving fumes of sal-ammoniac ; the incineration of the char- 
coal is slow and difficult. Examined by analysis, the double salt gave the following 
renltis— 

Salt employed ...... 7*28 gra. 

Carbonic acid produced . . 10" 1 6 grs. 
Water produced . 1*97 grs. 

In 100 parts, — 

Carbon. ......... 38*06 

Hydrogen. 3* 

16-43 grs. salt gave of metallic platinum 3 36 grs., or 20 45 per cent. 

The formula Cj^HjaNjOe, IICI+PtCl» calculated to 100 parts, givee— 

Cari)on . . . . . 3/ 97 
Hydrogen .... 9*74 
Platinnni .... 90-00 

i^'itrate. — ^This is a very beautiful salt ; it forms hard, transparent, colourless, and 
very brillUut crystaU, wboao form yet renains to be deteroMndl. ft it lireely lolnble 
in pore water, bvt very sparingly solnble in cxcew of nitric add. ' The crystals 
effloresce and become opake in a dry atmosphei'e. In this state tbej 
Cgi U||NsO«i NO^+UOj as shown by the result of an analysis given bdow. 

Nitrate employed . . . 5*69 gn. 
Carbon! i acid produced . ll lP^n; 
Water produced . . . 2 02 grs. 

MOCCCXLV. 3 N 
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• Carbon . 54*30 

HydragtD 3'fM 

The theoretical qaanti^ are^ 

Garboii 54'36 

Hydrofen 8'03 



OraAife*.— The neutmL oxalate ia a jrety adidile salt, crystallizing, vben the toki* 
tion is sufficiently eonoentrated, in tofts fine needfes* lilce the bydrocbloratie. The 

blnoxalate is very t>paiingly soluble in the cold,, and crystallizes remarlcably well 
when a hot saturated solution is left slowly to cool. It forms transparent plates, like 
those of oxalate of urea, which have a strong acid reaction when dissolved, and re- 
tain their lustre in the dry vacuum. This substance gave on analysis the results 
stated bdow, leading to the fomrala C^o H^^N^ O^^, 2C3O3+2HO. 

Salt employed . . . . 4*808 grs. 
Carboaio wsid piodiioed 10*06 grs* 
Water prodooed . . . l-^e gfs. 

4*65 grs. salt gave of double chloride of plalmara and ammonimn B'M grs., or 



7*74 per cent, nitrogen* 
Henee, in 100 partSy^ 

Carbon 67*01 

Hydrrjigen 4*06 

Nitrogen ....... 7'74 

Oiygen ........ 31*19 

100-00 

The theoretical nnmbers are~ 

Carbon 66-06 

Hydrogen ....,,*. 3*91 

Nitrogen. 7*86 

Oxygen 81*98 



100-00 

The acetate n vny soluble and apparently nneiystallinUe, or at least crystal- 
tiiable with great diflleolty. ' 

The following is an excellent and easy method of preparing the vegeto-aUtali in a 
state of purity and whiteness. Tlie amide, di-ied in the air. or better, over oil of 
vitriol in the vacuum of the air-pimip. is thr own into a large quantity of boiling-hot 
dilute solution uf caustic potasij coutuined in u capacious glass flask placed over a 



VOMIATIOM Of A. VlOnO-ALKALI. 961 

lamp or chauffer. After ten or fifteen minutes' ebuilitioa the change is complete, the 
great bulk of the mm snbstmiceiippewruig in the form of a heavy^ yellowiahi^l, whlcb, 
on the removal of the venel from the fir^ coUeelB at the bottom of the flaili, and on 
cooling, folidiAe^ while that wbleh had been diisolved by the liquid crystallizes out. 
When perfectly cold, the whole is thrown upon a cloth filter, slightly washed with 
( oUl water, and then dissolved in a large quantity of dilute boiling solution of oxalic 
acid, the acid bt'ing kept in considfrable excess. The liquid, filtered hot, deposits 
on cooling a large ciop of crystals of the acid oxalate of the base, dark-coloured, 
however, and impnre. The salt may then be collected on a cloth filter, slightly 
washed and pressed, redissolved in boiling^ water, and heated for a few minutes with 
a little <,'ood animal charcoal, deprived of its earthy phosphates, &c., by washing with 
hydrochloric acid. The filtered solution now deposits the acid oxalate in a state of 
perfect whiteness and purity; from the pure «alt the alkali may be obtained in 
crystals by solution iu a large quantity of boiliag water, addition of excess of ammo- 
nia, and rapid filtration at a high temperature. The crystals which form on cooling 
require of coarse washing with distilled water nntil all the ammoniacal and other 
salts are removed, and a portum of the atlmloid taken from the filter is found to leave 
no residue when completely burned op platinum. 

I am in great doubt as to the most appropriate names to be bestowed on these 
curious bodies, and this doubt will remain until more is known respecting the real 
origin of the oil. Tbti> substance lias no appareiU connection with formic acid, ex- 
cept the accidental one of contempoianeons production. It is aHied in comlifiilHMi 
to the sugar and starch series, inasmuch as it contains oxygen and hydrogen in the 
proportions to form water, and in properties to bitter almond oil and the essential 
oils in general. So far as my own experiments go, it seems to be produced most 
freely and in grenf c ^t abundance from bran, 1 lb. of that substance distilled with half 
its weight of suipiiuric acid and 3 lbs. of water having yielded nearly a drachm of 
oil, while mere indistinct traces could be obtained from similar quantities of rice- und 
potatoe-starch. Under these circumstances, perhaps the name ''Furforol* (from 
JurfioTy bran, and olmm) might be applied provisionally, and I am informed that this 
is the name which was proposed by the party who several years ago prepared a con- 
siderable quantity of the oi! (a portion of which came into my hands, as mentioned 
at the commencement of this paper), and endeavoured to discover for it economical 
applications. 

The following, therefore, will l>e the provisional nomenclature :~ 

Oil prodnced by tlie action of sulphuric acid on bran, &o., termed *'ilirfiirol,'* 

CisHsQ,. 

Product of the action of ammonia on furfurol, or " furfurolamide," C,5 II5 NO^,. 
Vegeto-al'<idi, " furfurine,*^ produced by the dapUcation of the elements of furfu- 
rolamide, Cjo H12 N2 . 

2 M 2 
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Ill ooocMoii, I beff to diivdk attentio n to the hige and pramninf field of inTCetU 
gation offered ^tlie etndy of the action of amaHmia on tlie TolatUe oOs, and on 
other allied liodies. 

Jan. 9, 1846. 

Nora AUDIO ovaiNo vm mmim. 

Since the precediog paper was read I have received a cooimunication from the 
gentleman just referred to, Mr. Wiuiam Colby Jonbs, late of Plymouth, who has 
directed my attentico to an article in the PolytecAnie Journal, April 1840, in which 
he baa deacribed eome of the more important properties of the oil in question, and 
among others, its power of generating a Aolid compound with ammonia, which when 
distilled with dilute sMlphuHc acid reproduced the ftirfuro!. Mr Jonkh prepared 
furfurol on a very extensive scale from the waste " lignin," or bran, separated from 
wheat in the proceia of starcb-oiaking ; the deUuIa of the method however are not 
given, and there are no analjeee of the prodncft. I ftel no hesitation in tttpressing 
my opinion that the honour of the independent discoveiy of this most cnriona tmdy 
is justly due to Mr. Joms, and it is mneh to be regretted that it did not receive 
^vater publicity. 

Ai^, 12, I8ii, 



. J, i^ .^ i.y Google 



IX. Oh BeitzoUne, a new Organic Salt-base from Bitter Almond Oil. 
% GnMB FowMB^, JSiy.« PkJ}„ FJLS. 

Received Maj 9.— R«m1 Uvg 29. 1846. 

When pure oi liitter almonds is left some days ID Contact with a strong solu- 
tion of amtnonia, at the ordmary temperature of the air, it is slowly, but in the end 
«oiiif»letely oonTerled into a white crystalline substance, insoluble in water, bnt 
readily soluble in Itot akobol. The solidiAcation of the oil Is eomplete, and thers is 

no secondary product. Ttils substance was examined by M. Laurbnt*, who con- 
ferred upon it the name of hydrohor amide, and assigned to it the formula C42 H,g Nj ; 
it is generated by the union of the elements of two equivalents of ammonia with tliose 
of three equivalents of bydruret of benzoyle, and the separation of six equivalents ot 
water. 

3 eq. bitter almond oil . C42 His ^6 1 _ / Hydrobensamide C42 ^is 

2 eq* ammoDia H gN, / 10 cq. water ... H « Qg 

Acids decompose hydrobeozamide immediately, with separation of bitter almuud 
oil and formation of salt of ammonia ; with alkalies the case is diflerent, aolntion of 
potash, even at a Ixiiling heat, oeeasioninif, as remarked by M. Laukbnv, no percep- 
tilde change. I found liowever that when the bmling was prolonged for sorne hours, 
a change was induced resembling that undergone by furfuroUim'uk-^- under similar 
circumstances. A few brownish crystalline flocks appear in the solution, and after 
cooling, the cake of resin-like substance is found harder and less fusible than hydro- 
benzamide which has been mdted and left to solidify. This ehange is onaooompanied 
by any notable alteration of wdgfa^ slthoogh a fidnt odonr of bitter almond oil is 
disengaged during the whole course of the dmllition. The new substance is an 
organic salt-base, having the same composition as hydrobensamide itself; it might 
perhaps with propriety be called benxoline. 

The salts formed by this substance are for the most part remarkable for sparing 
solnbility, with the exception of tlie acetate $ the hydroehlorate, the nitrate, and the 
solphate are eiyatallisable ; the last-named salt is excsedingly bcantifbl, ciystaliising 
from an acid solution in colourless prisms resembling those of oxalic acid. 

Precipitated by ammonia from a cvid solution of tbe hydrochlorate or sulpluite, 

* Aa». CUb. «t Fhyi. <9. p. SS. t 8«t pieacdbif J»f»r» 
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bensoline separates in vbite eurdy luasei, which when washed and dried diminished 
gicntly in volome; wlien quite dry tbe powder is singnliirly electric; if rubbed with 
a spatula its particles repel each other with violence, scattering the powder over the 
paper on which it lies. It is not sensibly soluble in water, but dissolves with c^reat 
ease in alcohol and etticr. A hot alcoholic soluti<m left for some time deposiits the 
base in brilliant transparent colourless crystals, which apparently have the form of 
square prissis with varioosly-terminated sammlts ; the alcoholic solution Is strongly 
alkaline to test-paper. At a temperature helow SIS" henioline melts, and on coding 
assumes a transparent glassy state, without any tendency to crystallization. Heated 
in a retort, it boils and at length entirely volntilizes, with scarcely a residue of char- 
coal. Aminouia is disengaged during the distillation, a highly volatile oily liquid, 
having the odour of benzine, collects in the receiver, and a crystalline solid matter 
condenses in the neck of the retort. This latter substance, which seems to be thie 
most abundant product, has been but partially examined s it is described below under 
the name pyrobenzoline. 

The action of oxidizing^ agents upon benzoline is remarkable. When heated in a 
retort with a mixture of bichromate of potash, sniphuric acid and water, it is attacked 
with gi-eat energy, the mixture becomes dark green, and on distillation benzoic 
acid in large quantity passes over with the vi^ioar of water. With nilric add tbe 
same change seems to occur, but the action is not so definite and qteedy. Ilydro- 
benzamide, under similar circumstances, yields the same product, accompanied how- 
ever in the first part of the distillation by a little bitter almond oil. Melted hydrate 
of potash appears to exert no action on benzoline, unless tbe temperature be ex- 
cessive. 

Tlie composition of this substance and its isomerism with bydrobensamide, are 
shown by the following analyses: — 

(1) (2-) (».) 

Substance 4*018 grs. 4-03 grs. A'b' grs. 

Carbonic acid produced . . 12'37 grs. 12 46 grs. 1414 grs. 

Water produced .... 2-21 grs. 218 grs. 2 02 grs. 

in 100 parts,— 

(1.) («.) («.) 

Carbon . . . 83-96 8i:i2 84-38 

Hydrogen . . 6^11 6 01 612 

The nitrogen was determloed by tbe proceu of MM. Wiu* and VAaasMraAPF, » 

below: — 

(1.) 

Snbstance 3'B8 grs. 5<086 grs. 

Platinum salt produced . . . 5*5/ grs. 7*28 grs. 

Per>centage of nitrogen . . . 9*07 ^IS 
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HjdralNQianUde eoati^ by cftlonlfttkm in 100 parts,— 

Carbon 84-56 

Hydrogen .... 6*04 
Nitrogen .... 9*40 

100-00 

Hydruchtorate. — The hydrochlorate of benzoline is a sparingly-soluble salt even in 
bcMling water. It cryitnlliiea from a hot adotion In small but exceedingly brilliant 
eoloorlcM needles, which effloresce in the dry vacuum. It has. In common with 
the other sdts, an intensely bitter taste. The salty derived of its water of crystal* 
liaation, fave the following analytical results 

<1.) (a.) 
anbstunce 4*95 grs. 4*458 grs. 

Osrtranic add produced 11*71 grs. 19*90 gn. 

Water produced . . . 9*91 gn. 9*89 grs. 

In 100 parts,— 

(1) (2.) 
Carbon 75' 14 76*25 

Hydrogen 6*77 6*78 

Estimation of nitrogen and chlorine: — 

Substance 4*16 grs. 

Platinum salt produced . . . 5*17 grs. 
Per-centage of nitrogen . . • 7*8^ 

(1.) 

Substance 6*888 grs. 4*918 grs. 

Chlorideof silver produced 9*39 grs. 1*78 grs. 

. Psr-cenlagaofcblonne . 0*84 '10*19 

The formok C4«H,gN|, HCI gives in 100 parts^— 

Csrbon 78*88 

Hydrogen. 5*68 

Nitrogen 841 

Chlorine 10*58 

100-00 

The crystallised salt was found to lose by efflorescence 9*4 per cent, of water, 

corrwponding very nearly to one equivalent. 

The liyilrochlorate of benzoline forms with Mrhloride of platinum an insoluble 
double salt of a pale yellow colour, not further examined. 

Nitrate. — ^The nitrate is even less soluble than liie preceding salt ; the crystiils are 
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■mall and have bnt littto-^lMillkyM^ » tbcyan pennanent In the di7 vacnom. A 
portion labjcoted to analy^gava tiie folloirai; ntolta 

(1.) (2.) 
Substance 4-112 gre. 4*27 gr«. 

Cai booic acid produced 10-51 grs. 10*91 gra. 

Water praduoed . « . 1*97 gn. liXIgrs. 

In 100 parts, — 

(I.) <«.) 
Carbon 09*71 69*68 

Hydrogen 5*32 5*38 

The formnla C«tUisNa. NO5+HO, gives in 100 partly--^ 

Carbon 0077 

Hydrogen .... 5*90 

Tbe acetate h a veryaolnbie nit ; it dries up, on evaporatum, to a gammy adheiife 

mass, and probably crystallizes with difficulty, if at all. 

Pyrobenzoline. — This, as before observed, is the solid product of the dry distilla- 
tion of benzoline. It is pressed between folds of bibulous paper to free it as much 
as possible from oily matter, and then crystallized from boiling alcohol, in whtcli it 
dinolvea pretty freely. It is bnt sparingly sqlnbie in aloobol in tbe cold, and appa^ 
reotly quite insoluble in water» dilute acids and alkalies. It is tasteless, and the 
alcoholic solution has little or no alkaline reaction. At a high temperature this 
substance fuse<<, and with still further increase of heat distils ; it sublimes at a tem- 
perature below its boiling-point, tbe vapour condensing in feathery crystals like those 
of benzoic acid. Melted pyrobenzoline on cooling forms a mass of radiated crystals, 
presenting a great contrast to the gbmy or veslnons appearance of bensoline wader 
dmllar dnmmsiances. This inbstance was at first Imagined to be a bydrocaibon ; 
It contains idtrogen, however, and gave on analysis tbe results staled bdow. 

(t.) (2.) 
Substance 4-295 grs. 3*46 grs. 

Carbooic acid produced 13 42 grs. 10*74 grs. 

Water prodnoed . • . 9D6 gira. 171 gn. 

Hence in 100 parts,— 

(1.) (2.) 
Carbon 86*21 84*66 

Hydrogen ..... 6*38 & 49 

Estisaation of nitrogen 

Substance 4" 15 grs. 

Platinum salt produced . . . 6 00 grs. 

Per-centage of nitrogen . . • 9*11 
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These numbers lead to the formula CjiH^N, which gives in 100 pmt&, — 

Carbon 85- 1 

Hydrogen 5 4 

Nitrogen 9*5 

1 0000 

'Cln^ M liich appears to be u neutral Ik ly roa;ether with its accooipanyiDg' liquid 
[HniliK t, deserves a more extended cxamiiiation. 

1 iie hupe which I ventured to expre&.s in u tbrmcr pa|>er of tlie formation of new 
otsani« bases from the volatile oils which anite with ammonia, by subjecting their 
tmide§ to the inanence of ageats* as caiistic potash, capable of bringing about metfu 
morpliosis of the compound into a more stable form or forms of combimition, has 
tiros been partially folfilled. 



M. I^URBNT has recently unnoimccd the dihC<>very of u new substance obtained 
from bitter almond oil, isomeric with hydrol)cnzaniitle, posses^iinf!; basic propertios, 
and corresponding in some other rchipecth w'lih beii^iuline ; it is stated however to be 
volatile without decomposition, which is certainly not the cwm with that body. 
The name amarine was conferred upon it*. Hie pablication of the experiments in 
detail will probably determine the identity or separate nature of the two substances. 

* Comptei ReDdiu, xix. p. 358. 

Middlesex HospHal, 
May 8, 1845. 
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X. On the Elliptie PolaHtaUm of Light by Reflexion from, MetalBe Smfuet, 
By the Hev. Badbn Powbll, Mui.^ F.R,S^ F.O.S.^ F*R.A,S^ SmnUmi Prt^euor 
^ QcamUry ht the I/nltfcrnly of Oxford. 

Bcerif^ S4.<~IteMl June 19. 184S. 

In a former paper, inserted in the PUilosopbical TnuisactioiMj J84S, Fart I., I detailed 

obsei'Viitions un some phctiotiiena of elliptic polarizatioa by reflexion from ceitain 
metallic sui faces ; but with reference only to one class of comparative results. Frntn 
these I have been !rfl fo pursue the subject into other relations besides those at first 
contemplated ; hut, tr(im various causes, have only been able at this interval to submit 
the results to the Royal Society as a sequel to my former observatiooi. 

The changes in the degree of dlipticity, investigated in my former paper, corre- 
spond to certain changes in the thickness of metallic Jilms. If we now consider the 
case of reflexion from a simple polished metallic surface, and admit that in this case 
it may b« supposed to take place by the ppnetrafion of the ray to a certain minute 
depth, or to some action of a thin transparent lamina of the metal, then, iit like 
manner,— dependent on the hnr of metalHo retardation,— the efltet would vary with 
a difference in the e^ecftve thicknras of the bimlna, produced by changing the incli- 
nation of the incident ray ; and that this is the case in general is wdl known, via. 
that as the incidence is increased, the ellipiicity increases up to a maximum, which 
occurs for most metals at an incidence between 70° and 80% beyond which it decreases 
up to 90°. 

The ori({^nal researches of Sir D. Baawsvaa*, to which we are indebted for the 
first inTSBtlgation of these phenomena, afford a striking instance of the legitimate 
process of inductive inquiry in its first Stage, in their total exemption from all refer- 
ence to any physical theory. In these researclies, besides the change in ellipticity 
with the incidence, there is also included the change in the virtual plane of polariza- 
tion by metallic reflexion, which, though conjectured to be the same as that inves- 
dgated by PsasMBi. fi>r trsasparent snbstuioes'f', was only examined in detail at. 
incidences at or near that for the maximum ellipticity, to which the author's object 
immediately restricted him. But for a series of metals constant ares were accurately 
determined which are the azimuths of polarization of the my, restored to plane 
polarization after two reflexions from metal plates at the incidence for thp maximum ; 
while the ellipse, from which the appellation of " elliptic polarization' was derived, 
is a purely empirical representation of the varying arcs of incidence, considered as 

* Philosophical Transactions, 1S30, Fart li. f Ibid. p. 29'i. ; Ibid. p. 394. 
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radii, for the second reflexion to restore plane polariatioii, at all asimnth* of tbe 
plane of second reflexion to tbe first. 

Tbongh the subject of metallic t-eflexion is still in a condition of great obscurity, at 

to the tiiechanical causes to which its peculiar character is referrible, yet the applica- 
tion of the undulatory theory ut least cniil lcs us to trace and connect some of its 
laws, and in the attempt to pursue such an upplicatioa to some further relations, the 
nature of my researches may be briefly expfauned as follows : — 

1. So far as the objects of my former inqniry were concerned, it snfiioed to take 
the formula there employed for the polarized rings in the situplificd form resultlnf 
from supposing a common coefTicient to the two component vibrations ; the plane uf 
original polarization inclined 45" to that of reflexion, and 9(f to that of analyzatioo. 
With reference how ever to some of the facts connected with ohservutiuns ut ditl'erent 
incidences and azimuths of the polarizer, as well as on other grounds, it seemed 
durable to generalise that formula by removing the above-mentioned reatrietionsi 
and f have accordingly here given an expression for the rings in elliptic light of all 
degrees with general coefficients, and for all positions of the polariser and analyzer ; 
which, thongli without difficulty dedttcible, has not, as far as I am avare, been stated 
by any writei-. 

2. With respect to the general ctjuracter of tiie rings, the slightest observation 
diows that tbe distinction betweim the dark and bright centred systons in plam 
polarised light, though modified, ts not lott, in the lower degrees of ^pHeUjf i it dis> 
appears only when the light becomes perfectly circular; when tbe distinction is only 

sew in the changed direction of dislocation. 

Whf^n the plane of analyzatiort i« inclined 45° between the rectangular directions, 
and lu raUy in intermediate pohiuoiis, the whole appearance is, us it were, d'utorted; 
tbe dark arcs uearetit the centre are situated towards one end of the quadrants, 
instead of being in tbe middle; and in the sncceeding rings, though less strongly 
niarited, there is an apparent increase of intensity towards the same end of the qua* 
drant, owing to a general shade of darlcness in the gfwmd towards that side** Of 
this appearance, though it umst have been constantly seen, as far as I know, no ex- 
planation has been published. In ciratlar polarization it does nut occur, in plane 
polarized rings the analogous case is that of the well-known system of eight dislocated 
sectors ; which in ellipticity of lower degrees is combined with, and passes into, that 
just described. All this Is expressed by my formula. 

3. The restoration of dliptic to plane polariied light by means of FassNat's rhomb, 
and the determination of the ellipticity by the azimuth of tbe rhomb, though an 
obvious process, yet has not, as far as I know, been pursued for any series of mf*t al* 
Such a set of observations I have accordingly made at the incidence for the maximum 
ellipticity, for a considerable range of metals, some metallic ores, and other reflecting 
substances. Also in a few principal cases I have made sindlar observations at other 
incidences from 80* up to 30^ at which the ellipticity disappears. 
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4. In these cases tiie inetallic reflexion perforim the port of the first rhomb iu 
Frbbnil** experiment with two. If I rightly interpret Sir D. Buwwnift'e proceu 
for a tiniilar rettontioii, before referred lo, and if the two metal plates are analogoiM 

to the twu rtiombs, in the change ]^taM, whieh he to accuratoljf determined* after 

the seconcl reflexion, at the maximum incidence, we may infer aowmpondence with 
that produced in the rhomb; and that it is eqvat to tu'ice the azimuth of the rhomb. 
And in fact I find the results from two such difTereat methods ag^ree very closely for 
all the pure metals ; though for certain ores, very low in the scale, there are some 
diicfcpancicBt 

There i« also a close agreement heCween these results ami the asimuths of the 
pkne of the ray restored to plane polarisation by the action of a rrystalUsed ptate, 
as given by the same author for seme of the principal metals*, which confirms the 

same inference. 

5. The changes of plane for successive incidences are in general of a natars Mato' 
gous to those in the refiotion firam transparent bodi^, but not the *ame. 

At the incidence for the roaximom, if the plane of the polariaer he first adjasted 
to givc^ e. g. the dark system, then on changing its plane to 45", the analyner, 

in order to restore what is analogous to the same, that is, the darkest system, must 
coincide with the plane of inriflcnoc, or its azimnth !« 0°, in exact agreement wUli 
what obtains both by tlieory and observation in the retlexion from transparent bodies. 

At greater incidences, to restore the same system, the analyzer must be moved 
through iiwreasing arcs oa one Side of the plane of incldeiioe, and at Iwin* IncidttiaeB 
on the €tker, as for transparent bodies. 

Following up these latter, as the incidence is successively diminished, the azimuth 
of the analyzer changes in a manner obviously different from that which obtains 
for transparent bodies, though of the same general character: and the increase is 
slightly ditferent for different metals ; but in all cases it approaches 45° as the inci- 
dence approaches the perpendicnteu'. 

In these cases the aximuth of the pdariier remidns at 46*. If it be changed, that 
of the analyser preserves a constant relatioii. 

Though tbese observations are of an obvk»us nature, yet, as far as I know, nrae 
of the kind have been published for any series of metals. I have accordingly given 
such a Bet for varions reflecting substances. 

But though apparently simple in principle, the process is troublesome in practice, 
and afliicted by various causes of uncertainty and difficulty. Some apparent anoma<- 
lies, cspecmlly, which caused the arcs at onall Inchlenoes to appear to increase 
beyond 45^ for a long time caused me much perplexity. 

The results however here offered, having been obtained with the use of every pre- 
caution, and being the means of a great number of repetitions, i trust, on f ftf whole, 
may not be useless as a first attempt to determine these changes by direct observation. 

6. The ellipticity at different incidences cannot be deduced (except at the max- 

• FhikwophiMl iWwrtBiw. im, VMtLp. Sll. 
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imum) from the fbomb obierntiffliui witfaout a knowledge of the change of pbne : 
employing tbew latter data in combination with the former (8.)> I have farther 
cetimated the ellipticity at different incidences for foar principal metals. 

7. For the application of the tmdttlatory theory to these phenomena, we ought to 
be able to assign tlie law of metallic retardation, but this litis not yet been done. 
The theory as here given indicates the conditions of the maximum^ and shows in general 
a cAo^tfj bnt not its aiNoim#. 

Pn^assor MacCvxxaob has however proposed. In accordance with a remarkable 
mathematical analogy, certm modi6cations of FassifBL*s formula, which be has 
reduced to calcnlation in the case of steel. 

My theoretical forntula gives rise to an expression for the change of plane, but in- 
volving uadetermined functions of the retardation. On deducing the corresponding 
ietm* /ram Prq^umr MaoCvmaob's 4aS9, md miniucing them hUo my formula, I 
JSnd it ghei a very dote refr e teniaiimf^ the lAterved result* /or HeeL Thus Ptoofessor 
MAcCiiLbAOM*s empirical expression receives an additional confirmation in accordance 
with a direct deduction from the nndulatory theon,'. 

The rest of this paper is devoted to the details of the observations, and of the ana- 
lytical investigation. 

Theoretical Invbstioation. 
(1.) The original vibration in a plane P being 

o sin Y 

in general on reflexion in a plane R inclined to P by an angle % (R' being ihe plane 
perpendicular to R) it is resolved Into 

a cos i sin ^ ivt—x) ... in R, 

a sin % sin — (vt — x) ... in R'. 

(2.) But "m the case of metallic reflexion, one of these components is accelerated in 
phase by a quantity f, and at the same time for the greater generality, supposing the 
coefficients unequal, or changing a in the 2nd formnla to and writing for brenty 

a=acoe^, /3=&sinS; 
after metallic reflexion the component vibrations will be 

« sin ^ ijBt—x)^ = R, 

^sin (i;;_x)-|-f)=R'. 

^3.) Here we may remark that these formuhis give directly the equation to the elliptic 
vibrations, the ratio of whose axes is that of a to ji, which vary at diflereut incidences 
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as well as witli t lianges given to i , ur a and h arc also functions of the incidence, or 

of When if the light is circular ; this is never the case in any metal at 

the maximum, though in some the ratio approaches it. For some other value of f we 
may have a=|3, but this docs not give circular polarization. When f=0 the same 
formulas give the inclination of the plane of the rectilinear vibrations*. 

(4.) On interposing a plate of crystal cut perpcadicolar to its axi<» for any plane Q 
in the crystnl paaring through the axis, inclined to R by an angle f, and to which 
ii perpendicnlar, we have the vibrations 

Ei«»l7edinto('^^'"^'"^ 

C R cos f in Q. 

R' resolved into I ^'7*?;"^ . 

I R' sin fin Q. 

(&0 And on the gnieral principle of resointion (observing that the resolved parts 
in one of the planes will be opposed), we have 

R' sin ^+Rco8^=Q 
R'cos^-Rsin^-Q'. 

The vibrations in Q' form tlic ordinary ray O, and tiiose in Q the extraordinary E. 
But after emergence the vibrations in Q are all further accelerated by or become 

«8in(x(«#-«)+*), 

/38in(y(trf-j;)+f+tf). 



(6.) Thus we have 



=0.. .in Q!. 



, . . in Q. 



|3 sin {vt — x) +f ^ cos p 
— • sin (•*'- ) sin 
p«in(y(i»l-*)+f+l)sin^" 

+«8in^— (W— *)+^ ^cosf 

(7.) Now if the analyzer be applied with the plane of analyzation A, inclined to R 
by an angle x» we shall have the angle AQ=>|<=x— and AP=rx+^ 
The vibrations being again resolved in A and A' perpendicular to it, we find 

O resolved into . 

I Ocos^'mA. 

, . . , f Ecoe^ioA' 
E resolved into < „ . , . . 

I £ sin V m A. 

After analysation the parts transmitted are those only in A, or 

O cos>^— E sin 

m * Sec mjr Titatia^ an the Undiiktory Theory, &c., p. 12. 
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(8.) Oa sabsUtutiDg tbe values of O aod and arranging tlie terms, tim is reducible 
to tbe fbrnn 



where 



and 



^ cos ^ COB 4* f sin f 006 4 

— ^sin Jsin cos f cos ^ 
•f |3 sin p sin y}, sin f sia 0 
— «co6^8ia ^cos^ 



^cos^cost|/8in f 
— |3sin ^sin \^sinfCoatf 

—•a cos f siti V >in 
Ttien, since tbe intensity I at any piii t uf tlie image is cxpre^ed by 

I = H2+K-, 

(9.) Squaring these quantities H imd K, and tiUting the sum, after reduction^ wc 
ultimately find for any value of^, or position of the analyzer, 

- (/3^ cos2 ^ + a2 si n*^ ) cos^/ 

+(/32 sin* cos^^) 8in^>^* 
1=-^ —ajSi^D 3^ cos Slices; 

— oj^ COS 2^ am COS f 008 1 
. — «^ sin 2^ sin ; sin I. 

(10.) Or. in order to see the consequences of changing the position of tlie unalyxer, 
or tbe arc we roust introduce it by substituting for p its value pss^-^^, 

+ (a2 cos« {x->i')+^ 8in« (jj- >|'))«itt2 V' 
— a/3 COS 2%// sin cos g 

—u^ sin 2^// COS 2(x— ^) cosf cos i 
. — a|3 sin 2'4> sin f sin t, 

(11.) On expanding and reducing tbis becomes— 

' (•^sin*xH-j3'oos*x)coB*^ .... 1. 

4-(«^sin2j^-}^2cos^X) 8in*>/» .... 2. 

+2(a'cos«X+^'sin2x)siD>24'. ... 3. 

^ («<./3a)8in3xsin2i^eos94^ ... 4. 

— s i n 2;^ cos- 2^ cos g 6. 

+«0cos2xnn3i/rco6 2ijrcosf .... 6. 

— «;0ooB2x8in2>//Coe24'COCf cos^ . . 7* 

— a/Ssin 2xsin2 2>/'Cosf COS* .... 8. 

o/Ssin 2^sin;8intf . ...... 9. 
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(19.) This fot'iuula is general for all positions of the polarizer and analyzer, and 
for light of all degrees of ellipticity. If we bad taken (as in my former papei ) 
^s(46^f), and at the Mune tinM aoppoaed (wbiob k eqnivalent to the aa- 

•nnption then made for aimpMcation), the fbrmnia (9.) wonld become at oooe the 
tame as in that paper. 

The first terms independent of d express the intensity of the ground on wfiich, as it 
were, the rings are fonned : those involving- f var\' with the incidence or degree of 
ellipticity : those iavulving 6 give the rings ; the last only being retained when the 
ellipticity U a ntaximom, and disappearing for plane polarisation at the inoidenoe 0. 

Prom tfacae formulas we at once trace all the welUknown phenomena <^ the rings 
in plane and elHptie light, by following the changes in formula (9.) on advancing 
into the adjacent quadrants, or supposing to become v-f ^"d by consequence 
changing also p into f +90 ; which gives a change of sign in the terms inrolving 
sin 2^^, cos 2-<if, sin 2f, cos 2p. 

Again, with regard to changes in the analyzer, it is evident that whatever be the 
value of % if we increase it by 9(f, we shall have to snbstitnte In (10.) cos (x—^) fof 
sin (x—i^) and vice vend ; as well as — sin S(x-*>f') for sin 4)) ^ -* ^^fw 3(x— 4) 
for cos 2(x'4')f orj on the whole, the expression is obvioasly complementary, Mcept 

the last term. 

(ly.) In any case on giving successive values to ^ round the rings, at those points 
where the bines or cosines vanish, the disappearance of any term when accompanied 
by a change of sign indicates (so br as that term.alfecis the total intensity) a change 
from dark to bright at that point, or a complementary character in the adjacent por- 
tions of the image ; when without a change of sign it indicates a nmple maximnm or 
iiiiniTinim of light, in the rings or in the ground, according as the terms affected in- 
volve 6 or not ; and for light of fliffercnt ellipticities according to the value of g. 

Thus lor the values of x in general, in (11.) — 
At >i^=0, or 90°, 



In gmertit then there are dislocations of the riiigv, with more or less complete com* 

plcmentary changes in the ground both at the quadrants and half-quadrants. 

At the maximum ellipticity, since terms f), 6, 7, 8 disappear, there are disloca- 
tions only at ■4'=0, with a change in the pmi/nd at \^'=45, or a gradual decrease of 
brightness from one eud of the quadrant to the other, which is exactly the appearance 
observed. In plane polariaed light we have the system of eight dislocated sectors, 

MDCCCXLT. 8 o 



terms 1 , 2, 3, fur the ground 
8, for the rings 



disappear without change of sign. 




At 1^^=45, 



6, for the ground, disappears without change of sign. 
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intermediate between the dark and bright systeme. In tlM lower dcgreee of iBipti- 
city tbis is modified by, and paaaes int(^ that just deaeribed. 

(14.) We may iilnetrate the applioation of tlie formula by one or two jnrtienlar 
cases:— 

1 St. If we suppose at some incidence m^fi while e<|, then xs45" mil give branches 

with dislocatioii at 4— but none at 4=46** that to the nearest approach lo the 
dark Kystcin. This agrees irith formula (15.), where in this case I is a minimoro 

when x=45°, also with (19 ). 

2n(lly. On the same supposition %=0 will give conij)lerueiitary changes both in 
the ground and in the rings at-k^=0, and similar changes, tiiougti less coospicuous, at 
•4b45 i that is the intermediate system. 

Srdly. For the general valua of m and /9 at the maximum cos ; =0 ; and x=0 gives 
branches with dislocation at ->J'=0, but no change at ^^=45°; or the darkest system. 
But x,— i&° will give (since a>j3) a complementary change in the ground at V'^^^** 
and branches with dislocation at -Li — 0; or the distorted system. 

But if in this case a=P, or the polarization be circular, tiie term (4.) disappears, 

and there is no distorted system In any position of 
Observation shows this to be the cose in perfectly eirenbir light, and veiy neariy 

so in the higher degrees of ellipticity. 
(15.) For the branches, when ^^0, for % in general we have 

I=c^6in*x+^coS>x-'^««n ^cos;. 

Hence, on making successively cob f—\t cos f=0, cos j =s— 1, &c., it is obvious 
that the intensity of the branches for the maximum ellipticity would be a mean be> 
twcen that in the dark and bright systems of plane polarized liglit if a and/? were the 
same in the respective cases, which we Khali see is the case ; at all events, this relation 
of the intensities agrees with observation as fur as the eye can judge. 

(16.) Again, for the maximum ellipticity, 

I=/3H(«»-/3*)8in2x. 

which can never be =0 ; or the branches are never absolutely dark ; but it is evidently 
a minhnnm when %=o, and a maximnm iriien x=^* ^ which msee leepeotively 
Is^, or If the polanaation were circular these values would be equal, or 

the briglUness the same in all positions of the analyzer. 

(17') For incidence 0°, the expression (15.j being made =0, or, 

I = a* sin* ;t+/3*cos*x— 2«0 sin x cos x=®» 
we have for the positimi of the analyzer for absolutely darlc branches, as in (S.), 

aeiax-^OQSXsO, 

or tanxs^tani 
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Btrt obtervRtioo sliows in tbia caw that tan xP'*^* {^46* in all inatances, 
hence for Incidence 0* asft. 

(18.) More generally, differentiating (15.) in respect of we find for any given 
value of that is of « and the value of x for the minimom, or darkest branchei, 

^ 2a|3ro«» 

tan2jc«--ifi:^» 

or we might dednce directly 

Hence we niay make the same inferences as before. 

And if when cos ^=0 we have also a=/3j or circular vibrations, it is wortb wbile to 
observe that there results 

tan2x=5- 

Hut in general for the change of plane, or of y^, this formula does not assign any 
precise values, since the form of the function off involved in a and /3 is uriknown. 

(19.) In the absence of any theoretical law I have bad recourse to the e/njiirical 
modification <tf Fks8X«.*s formula proposed by Proftaior MacCullaoh*. And avaiU 
ing myadf of the computed values which he has given, in the ease of steel, for the 
eoelBcientS of the component vibrations a a' (assuming a'=/3 in my notation) and the 
retardations i h' (where i—V—g in my notation), I have deduced the values of the 
product a a.', of a^ — rx'^, and of cos §, and introducing these in formula (IB.), I find 
the resulting values of x in close agreement with those given by observation. The 
elements of this computation and its results are exhibited in Table IV. 

ApPARATirS. 

The general principle of my apparatus will be apparent from the nature of the ex- 
periments, but it may not be superfluous (esj)eciaHy for tliose who may wish to pursue 
similar observations) to annex an Qutline of the construction, which, after trial of 
various forms, I have fonnd best to unite the requisite conditions for the purpose in 
view I wbile it is readily convertible into an ordinary pobriscope; besides admitting 
of the addition or substitution of other parts, when required, for difirient objects. 

The accompanying Pii.tf II. fig. I gives a general view of the arrangement and 
will sutBcieutly explain ifseit: the polarizing part (P) contains a Nrror prism which 
can be turned in azimuth, measured by a graduated circle ; a coudeasmg lens (L) is 
abo attached to it. 

The analysing part (A) contains in the eye-pieoe (E) a lens, a calo>spar, and a tour- 
maline; and bears a graduated circle, on which tbeaninuth of analyzation is read off. 
The metal under examination is pbuMd on the support (R), which can be raised or 

* Rcpgiti, Rojd Irish Academj, Oetobcr IMS. 
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lowered w veqnlred ; and dioeld be a^N^k of a tKgbt inelination for better iuijoiU 

ment. 

Tbe middle part or liinge (M) i« tirromided 1^ a graduated vertical circle, hy 
which the parts (P) and (A) can be set at any angle to each other : tlipy are attached 
to it by projecting arms: the whole is moved by tlie joint (K) tili the reflected light 
from (R) comes distinctly tu the eye through (E), when (it is easily seen) the angle 
of incidence will be half that measured on (M). 

The sero of (M) is found by adjusting (P) and (A) with tbeir axes in one line (or 
redodog tbe inetniment to an ordinary polariscope). Tbe hinge ehonld be capable 
of being hrnily clamped. 

In obserratioiKs at very j?reat incidences it will bf crisily seen to be necessary to 
liave the arms carrying (F) and (A) so fixed, that when the axes of the tubes are 
brought into one line there shall be a considerable space between their inner ends : 
there should be also a slight motion about the axis the arm for adjustment in (P). 

In observation! at very small inddences. It is most convenient to throw tbe light 
on to (P) by means of a small mirror placed in a proper position. 

Fig, 2 represents the mode of applying the Frksnel rhomb (F) to the analyzing 
part, the rest of the arrangement remaining tlie sann'. The eye-piece (E) is remove<l 
to a cap on the top of the rhomb; while the bottom of tlie rhomb is attached to a 
short tube, which fits into the apertui-e before occapted by the eye-piece. 

Fig. 3 represents tbe appearanoeof the rings in elliptic light when the analyser 
is at 46* between tbe darlc and light systems. 

OnsEnvATioNS. 

The determination ot il)e precise positiou of the analyzer at which the maximum 
or minimum brightness is attained, is from the nature of the case open to consider^ 
able uneerlainty. But tbe intervention of the rings, instead of usiag the simple ana- 
lyzer, afibrds some ud in this respect, since the change in the nature and form of 
the rings offers a more ready guide to tbe eye ; especially in elliptic light, when there 
is never a total evanescence. Still the undefined nature of the object observed pre- 
cludes minute numerical accnracy, and the results in the following tables nuist be 
regarded as no more than approximations, though derived troni the means of a great 
number of repetitions. In taking these means, I have omitted fractions of a degree 
as bearing an appearance of accuracy quite illnaory. 

The greatest care is necessary in the adjustments, especially of tbe polarixer. They 
were remade for each set of observations. That for the polarizer to obtain the zero 
or coincidence with the plane of reflexion, was found by varying the azitnufh till the 
light was perfectly restored to plane polarization ; the analyzer being in the position 
for dark branches, the zero of its circle was determined at the same time. 

In tbe observations at different inddenoes, in order to secoro the constancy of its 
inclination to tbe plane of inddenoe, the polariser was adjusted to sero before obeer- 
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vkUoh at eaish kitidtnoe. Per mm» of the eict, te* vhieli nftiet but liltle light, 
the arcs mint be taken as mere estimations. I have fonnd some peeiillar dlscord- 
anoee between different sets of observations, especially in silver and copper : those 

given are the means. 

The ohsorvntions liere annexed in a taljular form consist of, — 
1. Those w'lUi Jb rksnrl's rhomb fur usccrtuiniog from the azimuth (^) for the re- 
storation of plane polarization, ttic ellipticity at the incidence for the maximum ; or 

^ . = (!).=.anr.. 

These results for the principal metals and other substances are seen In l^ble I., 

columns 3 and 4. 

AgaiO} iu the ob^et vations with th(; rhomb at azimuth y, the plane of the emergent 
ray is inclined by 2 y to the original plane. In Sir D. Brbwbtbr's experluients with 
two metal plates it is inclined 45 +f. llie resnlts are here compared in cotnmns 
I and 9, and sufficiently show that we have 

45 

for all the pure metals. 

Also we may remark, that Sir D. Baawmia's empirical ellipee has the rstio of its 
axes determined by sin 2 ^, and Is therefore different from the nndniatory. 

The same author also gives* the azimuths of the plane of the ray restored to fhnt 
polarization by a crystallised plate for several metals, as follows: — 



Pure silver . . . 42° 

Copper .... 36" SO* 

Mercury .... 36° 

Platinum .... 84* 



Speculum ... 32" 

Steel 30* 30' 

Lead 2(f 

Galena , . . . 17* 9tf 



In eseh in^nce it will be seen (on comparison with T^ble I.}, that as nenrly as 

possible the arc = — ^ ^ ; with the exception of galena. 

2. Observations fur the values of x successive incidences, while 4 remains at 46^. 
These series of arcs are given in Table II., column I, for the two metals of greatest 

and least mudmum ellipticity and two intermediate ; and in TVtble III. for a number 
of others. 

3. Observations for the ellipticity at different incidences. 

In general the ellipticity is measured by the inclination of the rhomb (y) to the 
plane of previous polarization. 

For the maximum ellipticity, since x=0> it follows that y is correctly measured 
from the plane of reflexion. But at other incidences y must be corrected by the 
change of plane of polarisation dae to that incidence^ or we mast take (y— x)« 

In Table II. (columns 9 and 3) are given the observed values of y for four principal 

• PUIoM|l^ TVwMeltaiw, ISSO, Pkit II. p. 81 1. 
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metals at different Incidences, and the oomnponding elliptteities (t) or Ian {y—yj. 
These results gire on tlie w-liole a view of the changes of eUipticity agredng with the 
general appearance of the rings ; thoogh in copper the diminulion spears too rapid. 
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P08T8CIUPT. 
RenivedMqrS, 1S4C. 

Sinee the foregoing ))apcr ira$ coiiiiinini€atcd I hare obtained some additional in- 
itancM of elliptic polarisation, wliicb may be not nnintereeting in connexion with 
ttKMe therein mentioned. 

Besides plumbago (in which the proportion of metal presoiit is ;it least very vari- 
able and small) I have now observed a slight, but quite unequivocal eilipticity in the 
reflexion from Chitia uiAr, which is wholly non-metallic. It is at its maximum at an 
inddenoe of 63% and its aaimutb of restoration by tbe rbomb is aboot i\ 

I have examined also chnmaie hadf which gives very small eilipticity, irbieb is 
at a maximum at an incidence of 70" (agreang well with ibe mean fefractive indeat), 
and the asiinath of the rhomb Is about 0*. 
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\l. Kli i frn-Phif.s'lological Researches. — First Memoir. The Muscular Current. 
Bji Hignor Carlo MATTRt'CCI, Professnr in the f 'iilrrrsiti/ of Pisa, ^C.SgC. 
Communicated bjf Michabl Fahaoav. Es^.^ FJtS., Sfc. 8fc. 

BecciTcd Maj 7.— Head June 5. 1844. 

My only resource for showing the Royal Society how grateful I feel for the distinc- 
tion lately accorded to me^ is tbe coniuiunicutiou uf some fresh researches on electro- 
pbyuological pbeootttena. 

. The expofllthm of these rescarchca wfll form Ihe object of the pieaent and siibie> 

quent memoin. 

From the commencement of my studies on this subject, my principal aim has 
always been to reduce the experiments of electro- physiology to the simplest possible 
form, so that they may be repeated without tlie aid of very expensive instruments^ 
or such as require great skill and practice in the management. 

It is for this rsMoii that I have dwelt long upon the phedomena whioh the elcctrio 
current ocoasioni in its passage along the nerves of an animal recently killed. The 
galvanoscopic frog, the mode of preparing which, together with its use and all its 
details, I have described in my Traits des Phenoni^nes Eleclro-Physiohic^iques des 
Animaux, page 51, is indubitably a very delicate galvanoscope, and free from all 
error. By means of the galvanoscopic frog properly applied, it is easy to ascertain 
tbe direction of the oormit which traverses the nervous filament of the fng Itaelf. 
There is only this to be observed, that it is essential to the occurrence of this indica- 
tion to wait nntil the frog he snflidenfly wcalcened ; and that in spite of this pre- 
caution, in every series of experiments we find some one frog in which, although we 
always have the s'^p^m of the electric current, yet contraction fails to take place 
when the circuit is closeil with tbe direct current, and when it is broken with the 
inverse. 

A new method of employing tbe frug, which 1 shall presently describCj adapts 
itself better than the galvanoeeopic frog to the demoustratbn of the exlstmee and 
direction of the muscular current, and of the proper current of the frog, and there* 
fore supersedes the necessity of a galvanometer. For this pu^po^p tht: fi ng is pre- 
pared in the ordinary manner of Galvani, that is to sny, it is cut in half through the 
middle of tbe vertebral column, skinned, and the visccm removed. It is then easy, 
with the help of scissors (introducing them under the lumbar plexuses), to remove the 
greater part of tbe pelvis of the Drag, leaving the above-mentioned plexnses intact ( 

HOGGGXLV. 2 F 
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lliMiIly» the frog ia divided Into two parts by catting the janctnre of tlie two tbigli- 
bones. In this way tliere remain two halves of the frog united together of|(anically 
by their spinal nerves. When this frog- is requireil to be used for tlie purport- of dis- 
covering the presence and direction of the muscular current, it should be disposed 
upon uu iu&ulating plane in such a laaoner that its two extremities or claws dip 
into tw» separate recii^ts. Joining these two recipienta with strings of cotton 
or thread, soaked with the same liquid as that contained in the redpieats thcnt- 
selves, or with a strip of paper similarly wetted, no sign of contraction is ever pro- 
duced, therefore no current is in circulation. This last fact may easily be proved 
by closing the circuit with the two ends of the platinum wire of a delicate galva- 
nometer, provided we can be perfectly certain of the homogeneity of the sub- 
stance of the extremities of the wires. And it will be seen that it cannot be other- 
wise, on reflecting that each half of the frog constitutes an electro-ruotor element 
of the proper current, so tliut, in the ubove-described manner of usiii^ the prepared 
frog, there are always two equal currents circulating in contrary rlirections, and 
which consequently neither excite contractions, nor deflect the needle of the galva- 
nometer. 

There Is nothing eader, and at tbe same time more decirfve, than the confinnatioD 
of the existence of the mnscular current and of its direction. 

A pile consisting of thighs of frogs, or of muscles of other animals, should be pre- 
pared in the manner I have described in my work that I have quoted above. The 
two extremities of this pile (the internal surtuce of the muscle on the one band, and 
the external on the other) should dip in distilled or spring water. When the frog is 
prepared as already described, and stretched upon the insohuiing plane, the extreme 
cavities of the pile are made to communicale with the two recipients in which the 
claws of the frog arc immersed, by means of 8trin<r« of thread or cotton soaked with 
water (Plate III. fig. 1.). The frog is then distinctly been to contract both on closing 
and on brealuiig tbe circuit ; but both limbs do not contract equally, since that 
which is traversed by the current, and which consequently is near that extremity of 
the pile which is formed by the Internal surface of the musde, eontraots on doriog 
the circuit with tlie direct current, while, on the contrary, the other limb, which is 
near the extremity of the pile formed by tbe external surface of the muscle, contracts 
on breaking the circuit, biraply by tbe aid of the frog so prepared, it is pu&«>ible tn 
coafirm the principal laws of the mmcolar current, which I have already discovered 
with the galvanometer. Thus it happens that tbe contractions of the galvanosoopio 
frog increase proportionally with the number of elements; and they are tbe same 
for a pile formcfi of mu^cular elements deprived of all visible nervous filaments, as 
for a pile the luusculur elements of which are intact. The same takes place operating 
with a pile composed of mnscular elements taken from frogs killed by the action of 
narcotic poi'^uns, carbonic acid, pmisic add, &c. finally, with tbe galvanoscopic 
frog it is easy to discover the immense dillhreoee which exists between tbe signs of 
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the muaeular current, oecorring sometime after death in piles coinpoacd of ttra iame 
immher of mvecnlar elements, but taken from diierent animab, as frogs, eeb, or 
pigeons. The signs of the current diminish in n rapid ratio as we ascend in the scale 

of animals opon which we operate. 

Hitherto 1 have merely exhibited experiments which roisfirm my former conclu- 
sions. I have simply sought to &bovv how that without u very Ueiicatc gaivatioscope> 
and iritb the galTanoscopic frog alone, any person nmy be enabled to demonstrate 
the principal laws of the rousenlar current. 

It has always been an object of pecaliar interest to me, in the study of the mus> 
cular current, to estublish fresh experimental proof, or to repeat and extend ray 
former ones ; all which have led me to conclude that the existence and intensity of 
the m oscular corrent depend upon the existence and intensity of the changes of 
etractnce and oomporition, widcb constitute the nutrition of the muscie. 

Nevertheless, before entering upon the exposition of my reaearabes instituted in 
this view, I will describe some fresh facts, which, although they may be anticipated, 
notwithstanding, better serve to fix the origin of the muscular current. 

With u pile of half thighs of frogs I have distinctly obtained the decomposition of 
iodide of potaashun. To e^t this, I soak a piece of paper in a solution <^ this suli* 
stance, and upon it, about the distance of a line apart, I place the extremities of two 
piatinnm wires, the other ends of which dip in the fresh water which fills the extreme 
cavities of the pile. To facilitate and expedite the decomposition of the hydruret, 
I increase the extent of those portions of the platinum wires whicli are immersed 
in the cavities of the pile, by twisting the extremities into a coil ; 1 am also in the 
babit of further wetting the paper senked udtb the sdntion of hydruret of potassium, 
with a sdtttion of starch paste, to whwfa I add a few drops of chlorine. After the 
eironit has remained dosed a few seconds, a blue or a yellow spot is foroied around 
the wire which commuidcates with the cavity in which the external surfiUNs of the 
muscle imcucrsed. 

With a pile of twenty elements of half thighs of frogs, I have likewise distinctly 
obtained signs of tension, by means of a toleralriy delicate condenser. To this in> 
tent I put one extremity of the pile in communication with the ground, and the Other 
with the plate of the condenser. I have frequently repcatcrl the experiment, at one 
time establishing a communication between the internal s n l.irr of the muscle and 
the condenser, and the external suiiuce with the ground ; at another time I have re- 
verssd this order. I have lOmwiae obasmd the phenomena iHdcb ensue on putting 
each of the extremities of the muscular pile in commnmcation with one of the plates 
of the condenser. In every case the electroscope has constantly exhibited signs of a 
negative charge upon the internal snr&ce of the musd^ aadof a positive change 
upon tlie external surface. 

Again, I was desirous of ascertaining liow the signs of the muscular current were 
aflected on excluding the air firom contact vnth the pile. For this purpose I em? 

3f3 
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ployed the rectiiwe oonmonly in use for the cxperiraentfl of deetrieity m vacuo, or 
in other gases than air. The two platianm wires are fiMtened to the metallic rod 

which moves in the tube in liie centre of the receiver; one of the wires, however, ig 
iosulated from the rod by a hiyer of guin-lac wliicli intervenes where the wire encircles 
the rod. These two wires are twisted into the shape of a pitchfork^ and so diverge 
from (me anotiier, that oa pushing the rod dofm die two exteemitkB enter the ei« 
treme cavities of the muscular pile (flg. 3.)* I rai^illy exbansted the air in the re- 
ceiver, and then connected the platinum wires with the galvanometer. I have re- 
peated the experiment while the air wa*; py)iH!!Kt<'d, and immediately after admitting 
the air again into the receiver. The direction of the current has never variff], nor 
have I perceived any very great difference in the intensity and duration ut the cur- 
rent in the diflhrent modes of condnctii^ the experiment. 

It will he readily understood fiN>m the description of the apparatus employed for 
operating in a vacuum, how easy It was to adapt it to experiments in other gases: 
I have used hydrog-en and carbonic acid. 

I think it iaipurtant to describe minutely the results obtained in tbese different 
experiments. 1 began with a pile composed of twenty roiwcolar el^e&ts, or half 
thighs of frogs, placing it under the rsodver, and I fXM the eavities of the pile with 
well-water, after ascertaining that there was no sign of a current On immersing the 
ends of the wire in the same liquid. In less than five minutes the frogs were killed 
and the pile prepared. In performing tbese comparative experiments, I have made 
use of frogs caught on the same day and in tbe same pool. In ail these experiments 
the drcnlt was kept elosed, and the daraUon of tlie eummt In the galnmoineter oh* 
served for several honn successively. The following are the numbers ohtmned In 
tbe different experiments. 

Operating in ntmospheric air with a piip of twenty clenients of frogs, the deflrrrinri 
in my galvanoineter was so strong that the needle reached 90 \ osciilHtf-d, thin ci n- 
dutiUy returned towards 0". At about SO" the needle begins to be stationary, ur at 
leest it retrogrades oonsidersbly move slowly than at first. Every ten minutes I 
noted down the deviations^ which are tbe following : 16^ 9°, S% 4^ H^ 8|*. 
At the expiration of two hours the deflectt(Mi was the same. Tbe cireuit was then 
broken, and the extremities of the wires immersed in pore water, the current pro- 
duced was 70°> and its direction w^s contrary to the first when tbe circuit was closed 
with tbe muscular current. 'Hiis was evidently the seeondai^ current which at tbe 
oommeneement of my researches I showed to be the eanse of the rapid decline of the 
muscular and proper current in those cases where the circuit is Jtept dosed. I have 
twice repeated this same ("cperimcnt with the same results. 

I have constructed a third pile similar to the two already described, which I have 
put under tbe receiver mentioned above, and have exhausted tbe air to that degme 
of rarefibetion Aat the mercnrial column shoved only one indi of pBssnwe. I could 
not attiun to a more complete degree of nrsftction on aceonat of the aqueous vapour 
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which was continuously formed. I then closed the ctrouit, and the deflecUon at first 
was 85*; at usnal the needle oedUatcd, retrograded, and began to be tlationary 
townrde 80^. The following nambers ahow ihe degree of defleelton at interraia of 

ten minutes, care having been taken to maintain constantly the degree of rarefiEUStioa 
unaltered. After the first ten minutes the deviation wn^ 15^, lo°, 7°, 5* 5° i°. affer 
two hoars the deflection was folly 3°. On admitting tlie air into the receiver ttie 
needle advanced two or three degrees, then again returned to its deOection of 3''. 
This eHght Increaw In the strength of the oarrent ocears, as we shall presently see^ 
whatever be the gas introdneed into the recdver; it is also caosed by working the 
air-pump while the circuit is closed, and tbie h probably owing to the fiqidd con- 
tained in the cavities of the pile being put in motion, so thnt the wires are more or 
less immersed. The lesser deviation obtained in thi« thir l ( nmL iit on first closing 
the circuit was very prob^ly owing to the irog iiav iiig i>ecn killed rather longer than 
the others, to the mmcolar elemeats immediately beginning to dry in rerefied air, 
and to some babbles of air which adbere to the phrtinnm wires when the pomp is 
worked. 

I next killed forty other fro^s, and with them I composed two piles consisting of 
twenty elements each pile. I tried the effect of each of tliese piles separately in con- 
tact with the air; in one of them the first deflection was 85°, in the other 88°. I 
then put one of these piles ander the receiver and wbaaated the air} I cloeed the 
dreuit, and the deflection was 81*. The needle oscillated, retrograded as usnal, and 
remuned fixed at 16" at the expiration of ten minutes. I now introduced a sufficient 
quantity cS oxygen gas to fill the receiver. The needle oscillated slightly on admit- 
ting the gas, then continued retrograding, and after a lapse of thirty minutes it 
marked 8% and at the end of another half-hour it showed 4°. 

After this I placed the other pile under the receiver, exhausted the air, and closed 
the dreuit. The first deviation of the needle was 66^ This diObrence b nntoraliy 
owing to the leugtb of time the frogs had been killed, that is, alt the time taken op 
by my first experiment. Leaving the circuit closed, the needle as usual continued to 
retrograde, becoming stationary at 4"^. ns did the other pile immersed in OXygen< 
Finally, I i-e-admittcd the air, and the defection was not increased. 

These experiments are sufficient to show that the muscular current neither varies 
in intensity nor in duration, after the death of tbe aniaial, firom keeping tbe mnseks 
firnn irtrich it is obtained dther in oxjfgen or in air reduced to a pressure eqdvalent 
to one inch of mercury. 

I will now df sn ihe the results obtained from operating in tlie manner above de- 
scribed, in hydrogen gas. The singularity which this gas offers could not certainly 
have been anticipated before the experiment. 

As usual 1 prepared a pile of twenty elements, half thighs of frogs ; I placed it 
under the recdver, and previous to exhausting the air I completed the circle, and the 
deflection was 8B*: the dronit was left cloeed. I then rapidly tithaosted the air 
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wad nbctitnted hydrogen gas in Ht plftoe. After the drenft bad been dioeed ten 

minates, the needle of the galvanometer remained elMionary at I A". But then in- 
stead of oontininnL'- to n.'tro^nule if bpfran to advance, 80 that the deflection was 50^ 
at the end ot ten minutes. 1 bruke the circle by drawing the rod up, and wben tbe 
needle bad returned to 0^ I again completed the circuit ; the needle now advanced 
to Mf in tbe ueiial direction of tbe mnaealar current and remained jBxed at 66^ 
From thie point tbe needle of tbe galvanometer dcecended very slowly, being at 40° 
at the end of an hour. I then exhausted the hydrogen and re-admitted air, and the 
needle returned to 12°, continoing to recoil, bat still more slowly than in the other 
experiments. 

I repeated this same experiment witli prediely the aan» reanlla t that ia to any, the 
needle descended as nsnal before the hydrogen waa let into the receiver; after tbe in- 
troduction of the gas it advanced to 50^. I then produced a vacuum and Again ad- 
mitted the air, and the needle again descended, still however keeping- up a greater 
deflection than there would have been if tbe hydrogen hud never l>eeu used. I have 
been able, several times with the same pile, to observe the alternations of the effects 
produced by air and by hydrogen gas. Proluugiug tbe contact of tbe hydrogen 
fiir some Hme, I have constantly observed tiiat whea that gas was esbooated and 
atmospheric air substituted for it, the final deflection of tbe needle, taking into ac- 
count the time elapsed since the preparation of the pile, and cccterls paribus, was 
much greater than it would have been if no hydrogen had been introduced into 
tbe receiver. Finally, 1 will njeuliou another experiiueut performed by clubing the 
cireoit with the usoal mnscnlar pile after having filled tiic redpient with hydrogen. 
The first deflection was the naoal one, and tben followed 47^, 41% 40% 38^, 97^, 
34°, 32°, 31°, 30". These signs of deflection were noted down at intervals of ten 
minutes. After six hours tbe needle was stationary at 25". When hydrog-en is 
not used, that is in atmospheric air, in vacuo, or in oxygen, the deflection does not 
enoecd 6* with tbe nsoal pile of twenty elements, after tbe circuit has remained closed 
an hour. 

Although 1 conid not attribute thia aingnfair difference prodaced by tbe presence 

of hydrogen upon the muscular pile to the action of this gas upon the source of elec- 
tricity in the muscles, nevertheless it appeared to im impurtant to discover tbe cause 
of this difference. I very quickly prepared forty elements (half thighs of frogs), usiog 
every possible precaution to Imve all those drcnmetaaces equal in all the conditionB 
wMeh are known to influence tbe muscular current. Thus, two indtvidnals prepare 
the frogs at the same time, each firog is divided into halves, and two separate heaps 
;ii e tna<)e, from each of wliie!) twenty elements, or half thighs, are selected. I leave 
tw enty of these elements expoii^cd to tbe air, and the others in an atmosphere of by- 
drogen by means of tbe receiver. 

At the expiration of forty minutes I take theae twenty dements oat of tbe bydrogen, 
and compose tbe pile, and I do the same with the other elements left in contact with 
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tfae atmoephere. I oppon tiie two pitea to oofi anotber in the maimer I have de« 
ieribed in my woifc qnoted alxmi, Ibr tiie pnrpoie of diaeovering the dUferential 
oorrant. This done, I determine the iotensity of the muscoiar ottrrent in eaeh of the 

piles, taking note of the first deflection, and of that which the needle indicates after 
the circuit has been closed ten minutes. In another experiment performed in exactly 
the same manner, I confronted the current of one muscular plle^ the elements of 
widdi had been in hydrogen» with another, the elements of which had l>eeo in air 
highly rarefied. Finally, before putting tlie mnsenlar dements in hydrogen gas and 
in rarefied air, I measured the muscular currents of each of these piles, in order to 
compare them with those which were to follow. I should be too long if I were to report 
all the numbers of the different experiments which I performed. The concluston to 
bo drawn from them aM ia extramdy vimple. Hydrogen gaa doee not act diflerently 
npon the mnaenlar elemeolB from oqrgen, and atmoaphericor rarefied air, or in other 
wordap tliese different gaaeooB meifia do not exert any inflnenoe npon tlie intenaity 
and duration of the niuscu!ar current. 

It only remained for me to determine precisely the cause of the singular effect ex- 
hibited by hydrogen ; and as I could not doubt that this effect was owing to the 
action of hydrogen gas upon the secondary polarltieB evolved npon the platinum, I 
tried the following experiment. I introdoccd a platinum wire into a tube of glaae, 
and with the blow-pipe I soldered it to the upper and closed end of the tube. I con- 
structed a pile of twenty elements, and closed the circuit, as seen in fig. 4. The tube 
filled with water is inverted in the liquid contained in the extreme cavity of tlje 
pile, in which the outer surface of the muscle is immersed. When the circuit was 
doaed the firat deflection waa 90^, Uien the needle retrograded aa aenal. When 
the deflection waa at I introdooed hydngn bilo tlic tnfae A, and the needle in- 
stantly began to rite to 25% 30*, 40°, o(f. I allowed the hydrogen to escape, filling 
the tube again with water and closing the circuit, and after ten minute^ thfi needle 
was at S°. Again, I filled the tube with hydrogen and the needle rose to 20% 25^, 
SO*'. Finally, I transferred the hydrogen tube to the other carity in which the inner 
anrbce of the mnacle waa immeraed, and fatatead of advancing the needle only fell 
more rapidly. 

The effect then of the hydi ogen gas is to act upon the oxygen which tends to be 
evolved upon the platinum which transmits the muscular current, which |)a5ses, as 
is well known in the muscular element itself, from the interior of the muscle to the 
ancfoee^ K ia a caae aimbgoiia to the gas-pile of Grove. Tbeae researches seem to 
prove that the cause of the rapid diminntion, both of the mnsenlar and proper carrent, 
from the circuit being kept doaed, lies in the secondary polarities of the platinum 
extremities, which generate a current that circulates in a direction contrary to that 
of the muscular pile. I have yet to mention the experiments attempted by putting 
the mascolar elements in contact with carbonic acid for different lengths of time. I 
have performed three eiqierimenta of this nature, in each of which I have confitwted 
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tb« |iile» thft mngeiilar etemento of irideh had bean Id oBiiwDie acid, widi anothCT pUe 
nmilar to the former, but which bad merely been left in contact with the air. After 
having opposed the two piles to on*' another, I have closed the rircuit witbOQt OWP 
having fonnd that any difference was ioduced by the carbonic acid. 

Summing up the resnlta of the various and repeated experiments attempted in the 
view of 6hoomting the influence of some gaseous media (air, air greatly rarefied, 
oxygen, hydrogen mid carbonic acid) upon the intensity and duration of the moscoiar 
current, we must conclude that this influence is either null or insensible, or in other 
words, that the imtiipdiate ranses of the <lcvelopment of eleetrieity in the muscles re- 
side in the muscular substance, indepcndeatly of the gaseous medium in which it is 
placed. 

In order better to determine the rdation between the signs of the rooscnbr current 
and tlie organico-vital conditions of the musde, since the last few months of the past 
year I have directed tny attention towards ascertaining the intensity of the muscular 
current generated by a pile of fialf thighs of frogs, always made up of twenty elements. 
I did this for the purpose of comparing the influence of tbe temperature of the me- 
dium in whidi tbe frogs had lived, with the muscular current which they gave : I 
will describe once for all and in a few words, my mode of experimenting. From 
November 181 1 to the end of March 1846, 1 have constantly sent twice a week to 
have frogs caught from the same mar^^Ii. As soon as tbe frogs ;u•r!^■p(^ fit Fisa they 
underwent the usual mode of preparation for determining the intensity of their mus- 
cular current. A certain number of these same frogs were put into a glass recipient 
without water, and kept in a little mom, the constant temperature of which was + 1^ C. 
(60^8 F.) A similar number of the frogs were placed in a Bite recdfrieat, but exposed, 
on the terrace of the meteorological obsenraloiy, to the temperature of the atmo- 
sphere. Lastly, four frogs taken from tlic mass were put into the bottle furnished 
with a tube (fig. 3.), the tube A B of this bottle dipped in mercury. The apparatus 
thus disposed was lilcewise left exposed to tbe temperature of tbe atmosphere upon the 
terrace. In eight hours* lime the tube C was opened, and inflating the bladder, a 
portion of the air was collected, and the quanti^ of carbonic add produced by the 
four frogs in that time, and in those given conditicHis, determined* It is impossible 
for me to relate all the experiments performed for the space of five months, twice a 
week: comparing the frogs just arrived fresh from the inarsbes, with those kept for 
twelve and twenty-four hours at a temperature o( +iel*C. I ahall merdy state some 
of the numbers given by these experiments, in order to render the results of so many 
experiments, all concordant, more evident. The temperature of the air, or of the 
meiiium in which they live, the activity of the respiratory function, tbe intensity and 
duration of the mUscular current, are quantities which vary from one nnothrr pro- 
portionuiiy ; the temperature of the medium in which the frog lives cannot be raised 
without occasioning an inanease id activi^ in its respiration, and a corresponding 
increase in tbe intensi^ and dniation of the muscular current. 



Digitized by Google 



T8K M08CUUR CURRBNT. 991 

Poor frogs expoied to a tempenitan Twrying from 0^ to pioduoed in twen^- 
fbiir hours 0*5 cubic centimeters of cnrboolc acid i foor other frogt pbuMd in the 

same recipient and in the ^;unp contlitioii^, Inuat +1C°C, pave 0*3 cubic centimeters 
of cin-hoiiic acid. The celebrated experiments of Rowards g\ve tioiible this number 
at a temperature of -1-27' C. We now conie to the signs of the muscular current. 
In the ccMat days of the past winter twenty elements gave a deieotion of 83°, then 
in snoeession, as the temperatnre of the «dr inereaaed» 36^, 4fl^, 5(r*, 56^ eff, Htf*. 
These indications correspond to the gradual increase of the temperature from O'' to 8^. 
Finally, in the present month, the thermometer rising to -f- in the siiade, the inten- 
sity of the muscular current was expressed by the numbers B0°,8.'j'', 5)U'. It is need- 
less for me to repeat that these numbers refer to the hrst deviation which takes place 
on etosiof the circnit of the pile of twenty half thighs of frogs, always disposed in 
the same manner, and with thdr extremities iraroeised in the two cavities of the 
board, filled with spring water. 

I attained to the same result, comparing the intensity of the muscular current 
produced by frogs recently caught in the cold season, with that obtained from 
frogs which had been left for the space of twenty-four hours to forty-dght hours 
exposed to a temperature of 4- 16^ C. The following are some of the many num* 
bers noted down, for the sake of demonstrating, even in this case, the relation be- 
tween the intensity of the muscular cun'cnt and the temperatnre In which the frogs 
have lived. A pile composed of frogs caught in the coldest part of the season 
have produced a deflection of 32°. The deflection caused by otl)er similar frogs 
which were kept, for two days In a wanner temperature, was 88*. In another (»se 
the mnscnlar current rose from 30* to 48*, in another from 50^ to 64% in another 
firom 60* to 86*. 

I v'onld observe, however, that if the ^rogs arc kept too long exposed to a warm 
temperature, and deprived of tlie medium in whicli they p^enerally live and are nou- 
rished, instead of the increase of the muscular current, produced by an increase of 
temperature taking place, a considerable diminution of the cnrrent follows in com- 
parison with that of the frogs recently canght. Experience has also shown me (that 
which was easy to foresee), that in proportion to the elevation of the temperature In 
the frog's originally, SO much the sooner the cflfect of the want of nutrition was, 

tnanitcst. 

I think it important to describe a few experiments which establish the relation 
between the intensity of the mnscnhir current and the octi^ty of the resiHratoiy 
ibnction. I have only been enabled to try these experiments upon frogs^ from their 

great tenacity to life. I have repeated the following experiment several times : I 
skinned ten fro^ completely, funl put them into a glass recipient near to another in 
which were ten other frogs intact. Tiie frogs thus flayed live for six, eight, and 
even tan houm, and are even quite lively. lYie muscular current produced by the 
skinned fn^ was always considend>ly weaker than that of the irogs in their natural 
MDCGCxirV. a « 



Digitized by Google 



992 PROPE880R MA'lTBUCCrS BLBCT1U)>PHYS1010QICAL RBSBARCflBS. 



Slate. In four experineDtB made npoa the skinned frags* left in this state from two 
to eight hours, the first deflections were from 80** to 85°, and the needle first remained 

stationary at 18", then continued to fall slowly In four other experiments made 
upon frog-^ in their natural state, the first deflection was dO^j and the needle was 
stationary at 2S>\ then fell as usual. 

I have performed a fev experiments npon the mosenlar ennmit of warm-blooded 
animals. In one of these experiments, eommuidoated by M. Dvius to the Aca- 
demy of Sciences at Paris, and in which I composed the mosenlar pll^ with live 
pigeons, I succeeded in obtaining the signs of the muscular current. Ttie result ef 
that experiment vras to show me that the intensity of this current increased in pro- 
portion to the rank the animal operated on occupies in the scale of animals, while 
the persistence ot tbe current diminished in the same proportion. Operating with 
great rapidity upon cfalokensand pigeons, I have hcen alile to demoostnite the trath 
of this, using for my experiments the thighs of the above^nentioned ammals. Oonu 
paring an equal number of elements, whether of fowls or pigeons, with the same 
number of elements taken from frogs, the current, ut first, is as intense, and in the 
greater number of cases more so than that of the frogs. Reflecting a moment oa 
the greater length and resistance of the circuit of the pile of fowls and pigeons, tbe 
greater Intensity of the mosenlar current in warm-hloodcd animals than in frogs, 
iriU be manifestly proved. This advantage^ boweverj persists but for a very short 
space of time : a pik of eight elements of half thighs of pigeons or fowls, at the expi- 
ration of fin hoar, gives either no sign at all, or nn almost imperceptible sign of a 
muscular current in the most delicate galvanometer i possess. This is far from being 
tbe case with the same number of half thighs of frogs, which continue for eight hours 
and more to manifest signs of the same current. 

Nor is tills diffisrenoe owing to an aneqaal eviq»oradon, whether from the in* 
ternal or external surAoe of the muscle. I bave very fioqnently bathed the aoxfooe 
of the muscle with pure water, and made a fresh surface, by catting it away with 
a razor, and reconstructing the pile: I have never found more than a slight in- 
crease in the first deflection, and none whatever on waiting until the needle became 

In order sUU better to confirm some of my former experiments for showii^ the 

influence of the sanguineous drcolation upon die intensity and duration of the rigns 

of the muscular current, I compared the current produced by twenty elements, or 
half thighs of frogs, in their natural state up to the moment of conducting the ex- 
periment, with twenty others, from which the heart had been taken away, but which 
still preserved considerable power of motion for a great length of time ; by tliis means 
I have esbdilisbed the conclusions to which I had arrived, proving that Uie nmioalar 
current is very much wenkencd by tbe defect of the wmgulncons drcuhrtlon. But 
the following experiment, better than all those referred to formerly, will demonstiale 
the truth of this last conclusion. Ftrom a quantity of frogs all caught in the same 
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pool, I «lHite tventy, which I pat into viter tliat bad boiled for tiro hours* t covered 
the glaw (qriinder in wbieh tbia water was contained, wicb a plate of glass widoh I 
Inted to the cylinder. To prevent the water from again taking up nir, I coverad tbe 

surface with oil. Th>^ temj>erature of the water was +15*' C. The frog-s appeared 
mon vivacious at the commencement of the txp ritnent, from their continual move- 
ment irom the suriace of the water to the bottom, and vice versd, but it was not 
loqg before this vivadty ceased, and in atMint an bonr they were all at tbe bottom 
of the cyUnder, sbowmg ngns of safieiing, and inth bnt little motion. In two hours 
all motion entirely ceased and the frogs seemed dead. I IWTe repeated this experi- 
ment twice with the same result, the only difference discoverable was in the time, 
which varies inversely as the temperature of the medium. The aigus of the muscular 
current are considerably weakened in a pile composed from frogs which have been 
labonring under asphyxia for some time. Thus, while a pile composed of frogs whidi 
had not been submitted to any previous injury, caused a. first deflection of 90% and 
the needle remained fixed between 25° and 30"^, with a pile equally composed of 
twenty elements, but which bad been taken from frogs in a state of abpliyxia, the 
first deflection was not more than from 50" to 60% and the needle stopped at from 
lOP to 19^. This dilRrenee is very strlkfaif, and llie influence of a normal state 
of the sangnineons cirenlation and respiration ooald not bo more clearly demon« 
strated. I will mention here a singnlar appeaianoe of tbe muscles in frags as- 
phyxiated : the muscles are almost white^ and acquire a slightly red tint from 
exposure to the air. I was dt^iro ib io renew and verifj' the singular action of 
sulpiiuretted hydrogen. The following numbers, tbe result of various experiments, 
show that the mnsonlar current is v^ much weakened in frogs killed by tiiis gas. 
Twei^y dementSi or half tliighs of frogs killed In tbe osoal manner, gave a deflec- 
tion of 56^ Another twenty elements taken from tbe same mess gave 44% another 
similar pile 41° 

I will now sum up tbe results obtained from these different experiments. In the 
first place, the intensity and duration of the muscular current are independent of the 
nature of the gas which envdopes the musenlar pile^ Seoondly« this current, as I have 
already sliown from the oommencement of my researches* is altogether independent 

of the cerebro-spinal nervous system, and the circumstances which exercise a marked 
inHnrnrc upon it? intensity are respiration and the sanguineous circulation. Thirdly, 
those poisons which sectu to act directly upon tbe nervous system, have no inflaence 
upon Iba mnscohr current ; among these I would nenlioii hydrocyaito add, mor- 
phine and strychnine. Fourthly, sulphuretted hydrogen lias a marked inflnenoe in 
diminishing the intensity of the muscular current. Fifthly, the intensity of the mus- 
cular current varie? according to the temperature in which the frop<? have lived n 
certain time ; it is needless to observe that this result is not discoverable except in 
those animals which like the frog necessarily take their temperature from that 
•of the mediom in which they live. Sixlhly, tho intensity of the muscular current 

3«3 
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htoreaiei in proporlBoii to tbe nwk the aniinab ooeapy in the Msale of beings, while 
the duration of this earrent after the death of tbe aninal ie in an exactly inveiw 
ratio. 

Comparing thpse conclusions with those generally admitted by physiologists, and 
dra^Ti from a great number of experiments on the viral properties of muscles, it is 
in)po»>sible not to perceive that the property of the muscles, immediately connected 
mth the maicular current, is that which HAUsa calls irritability, and which at tbe 
present day I beltcTe physiologists designate by the name of organic oontractility, or 
simply contractility. 

^^'ith regard to tlie manner of representing the origin of the muscular current, I 
only iind in my present experiments a confirmation of the opinion I set forth in my 
preceding ones. Tbe chemical action which goes on in the nutrition of the muscle, 
principally that which takes place in the contact of tbe arterial blood with the mu&. 
cnlar fibre, is in all probability the eouree of this electricity in the muscles. I will 
not here repeat all the many and minute researches, together with tbe precautions I 
too)<, in the numberless experiments attempted in order to exclude every possible 
cause of a current foreign to the muscle ; and nobody who bas taken the pains to 
fi^ow out the descriptkm ci my experimoits, can r^n any donbt that the origin of 
the mnscniar current is in the mnsde endued with a certain degree of vitality. The 
experiments referred to, making the pile act in Tacnum, in hydrogen, in oxygen, 
and in carbonic acid, prove with full evidence that it is not the action of the pas 
upon the inner surfapo of the ninscle which occasions the current. To remove 
all possible doubt, I iiuvu taken tbe precaution ot preparing the bait thighs of frogs 
witli gilded scissors or with pksces of glass made sharp at tbe edges ; the mas> 
cukr current was the aam^ as in Act it ought to have been, as indeed it should have 
been. 

It might be said, reasoning; accnnlin? to a theory the value of wliich i< well-appre- 
ciated at the present day, that the cause of the muscnlar current resides in the con- 
tact between tbe inner ^nd the outer part of the uiubcle, or in other words, of two 
heterogeneous bodtes. Let this ibm be tbe simplest interpretation of all tiie fiwts 
discovered by myself; it is sufficient for me to have wdl-establisbed that jdiis contact 
of heterogeneous parts of the muscle generates electricity in the conditions discovered, 
and such as they are described in the results referred to above. 

With regard to my own opinion, it appears more sati^jfactory to say that the deve- 
lopment of ^etricity takes place in tbe muscle during life from the cbemical action 
between the arterial blood and tbe museofair fibre ; that the two electric states evolved 
in the muscle neutralize each other, at the same points from which they are evolved, 
in the natural conditions of the muscle ; and that in tbe muscular pile imagined by 
myself, a portion of this electricity is put in circulation just as it would be in a pile 
composed of acid and alkali, separated from each other by a simply conducting body. 

I will conclude this memoir upon tbe muscular current, with the description of an 
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experiioent which appears to me to tend to establish the origin of the muscular cur- 
fent aceording to than vimn. 

I prepared a gnat number of little cones, of atwut the aise of half a frog^s thigh, 
cutting the very thin membrane of the cscam intestine into triangular pieces, and 

folding them up, and g-nniming them together upon a little wooden form of u conical 
shape. When these cones were dry, I prepared some fibrine by beating up some bul- 
lock's bloodj the bullock being killed at tiiat iiioaieDt. I immediately fitted the cones 
with this fibrine steeped in bloody and composed a pile of twenty elements picdseiy 
similar to the pile of lialf thighs. This pile did not exhibit the slightest signs of a 
curreBt in the' most sensible of my galvanometers. Nor is it to be imagined that 
there was any want of fonductibility in the pile just described ; in fact, I adde ! four 
thighs of frogs prepared to the above twenty elements, and I obtained from tliis pile 
a deflection but slightly differing from that which the frogs gave, acting alone. This 
fiiet evidently proves that simple heterogeneity of the animal parts is not sufficient to 
produce the mnscnlar current $ this heterogendty should be such as exists in the 
living mmcle. 
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XII. &eetrih'PhginohgiadBnaarf^.-—Seco^ OntkepraperQirrmtt^Uie 
Frog. By Signer Carlo Matvbucci, Professor in the Univenify of Pita, 8ff. 
Cbmmunieaied bjf Michau. Fakadat, £«q>, F.R^., 8gc. ^c. 

iUoMvad M«j 7,^ileitd June 19, 1845. 

In the seventh chapter of my Trait^ ties Ph^nomines Electro-Physioiogiques des 
Auimaux, utter having examined all that Gajlvanj, Humbou)t, Valu, and more 
recently Nobiu, haT« said on this subject> I mentioned all my own rawarehei fvorn 
wbkli the InwB of tbia pbenomemm follow. Comparing the mnMnlar and the proper 
current together, we find that the influence of the different circumstances aflbclsboth 
currents equally. Thus it is that both the muscular and the proper current vary in 
the same sense witli the variation of the temperature of the inediufn in which the 
frogs live. Sulphuretted hydrogen diminishes the proper current just as it docs 
the mnscnlar current. The same may be said of the ^ects produced upon the 
proper current by the different degrees of activity of the respiralion and of the circn- 
lation of the blood. I shall not here mention all the numbers obtained in the expfr* 
riments recently performed upon the proper < nrrent of the frog. I will merely say 
that I followed up every one of the expenments on ttie muscular current referred to 
hn this meflHdr, with aiiotfaer ezpMiaient on the proper current, composing the pile 
with the legs which remained after having prqnred the ftogs for the mnscnlar cncw 
rent. After so great a number of facts, I do not hesitate in repeating what I have 
said in pnsrc 127 of roy Treatise : " comparing one with the other the circumstances 
which exert an influence over the mnscnlar and over the proper current, they may be 
said entirely to resemble one auotiier, and that that which increases or weakens the 
inlrasity of one of these enrrents» produces the same ^ct upon the other.** Two 
poiatSt however, still renudn to be deared up. Do the dronmstanees which aflfect 
these two currents operate upon both in a like degree ? or in other words, does that 
circumstance which diminishes as well the muscular as the proper current of the frog, 
act proportionally in that diminntion ? 

I bad found in my first experiments, that comparing two piles, one consisting of 
half tUgbs of ftogh the other of entire or halves of frags, so as to obtdn the proper 
cnrrent, the signs produced by the latter pile continued longer than these ednoed by 
the muscular pile. 

I then began to renew my former experiments for the pnrpo!5eof con'V'TQcing myself 
of the reality of this diCTerence, the only one between the muscular and the proper 
currant. 

Stndj^g aftesh the inflnenoe of the various drcnmslances (temperature^ respira- 
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tion, mngnineoiii drenktion, salphnntted hydrogen) upon the proper current oom- 
]>ared with the muscular current, I came to the fulloviiig conclusion : the diminution 

which occurs in the iiiN iisity and duration of the proper current, from the decrease 
of temperature, fruni detect uf respiration and the sanguineous circulation, and 
from the action of sulphuretted hydrogen^ is ooosideFably greater than that wblcb 
takes place in tbe inteniity and duration of the muscular current* Thas^ with the 
same number of elements, I have always seen that tbe proper carrent has been con- 
si(lLM;ihly weaker than tlic muscular current, operating on frogs asphyxiated, killed 
wilft "^iilijliuretted hydrogen, or in tlie coldest weather. This ditfereuce decreases iu 
proporiiou to the robustness and vivacity of the frog, so that in tbe spring and 
siunmcr, choosing very strong frogs, the signs «f intensity Utd the doMtion of tbe 
proper current eqiml Mul even surpass those of the muscidar current. 

I was desirous of again studying the proper current in piles composed either of legs 
alone or of half thighs of frogs, or of entiir frogs (tigs. Tj. 7. 8). In general, as I 
found before in niy former experiments, these tiiree piles produced currents the in- 
tensity of whicii wosi sensibly alike in all. This cuiucideuce secuis at ticst rather 
singular, considering the diversity of tbe internal rewetamce of tbe three piles, and 
admitting that the electro-motor element of tbe proper oorreat resides in tbe leg atone. 
Tlic expcriuients which I sball report at the dose of this memoir, ezpbin this fact 
sufficiently clearly. 

CoHiparing, however, the three above-mentioned piles, composed from iVogs which 
bad been exposed previously to the action of debilitating causes, 1 have always found 
that the Mgns oS the proper current, in tbe pile composed of tbe legs alone, somewhat 
exceeded those of tbe other piles. 

I would here refer to another experiment, described at page 1J6 of my Treatise, 
performed with a pile (fig. 0 ) of half frogs, from which the upper half of the thigh 
had been taken away, in this pile the proper current is in opposition to tbe muscular 
current, for which reason tbe current obtained is very weak, and sometimes null, I 
liave still, however* constantly observed that if the frogs employed for this eiqieriment 
are very robust, and in those conditions whicli we have seen to be fiivourable (0 tbe 
proper current, the signs of a current which this pile gives, thougli always verj' weak, 
are in favour of the proper current ; while, on tlie rmitmry wficn the iVogs are taken 
in the conditions unfavourable to the proper current, the slight current which Uiii 
pile gives are in fhvour of the muscular current. 

From the sum of these fiusts I am again fiwced to conclude as I was led by my 
former experiments to do, that the proper and the nuBCuIar current are in geoeial 
subjected to the same laws, and that both these currents vary in tbe same lense, 
under the same circuuistances. 

But why should the proper current belong exclusively to the frog r This is tbe 
problem the solution of which I bad long been anxious to arrive at, and hope finally 
to have given a satis&ctoiy explanation. 
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I ted fctqataHy obierviid, wfaile opemting with great r«{Hdity upon rabbits, fowls, 
and p^eonij that the rigns of the proper contractiom frequently inaidftgted them- 
selves, and that therefore the celebrated experiment of Galvani was repeated in warm- 
blooded animals. When the thighs m-o cut away from these animals, the nerve laid 
bare, and folded back upon the leg, contraction is frequently visible. These con- 
tractions are more constantly obtmned by composing piles of these thighs and making 
the nerve touch the kg. I mnet say, however, Hiat every time that I have compoied 
a pile of aneh th^ihs, I have obtained the signs of the mtuenlar oorrent, for which 
reason the contractions might have been attribatable to that current. 

Let it be retnembprcd, however, that in composing these piles, it is impossible not 
to put the current whicii parts from the internal surface of the muscle in circulation, 
for which reason a pile should be made analogous to that of the half frogs divided at 
the apper half of the thigh (fig. 6.). OhenvatioD has shown, from the time of 
Galvaki, that the points of the leg of the frog to be toacbed, for the pnqiose of pro- 
dncing the proper contraction, are the points <tf faisertion of the surface of the fnni- 
cnlar tendon of the fjemelln': or gastrocnemius mnsrle into the calcaneurt) 

In one experiment, described at page 105, I bad endeavoured to remove tlie tendi- 
nous surfiace of the muscles of the 1^, then composing the pile with the frogs so 
prepared, I bad the current as at fiist, that is, directed from the feet to the head, in 
the animal. This esperimait, however, dad not prove that the proper current eadsts 
inde{)cndently of the tendinous surface of the muscle ; in feet, removing the tendon, 
I lay bare the moscle, and so doing prepare a muscular pile, in which the current, 
being directed from the interior to the exterior of the muscle, is therefore in the Sfuue 
direction as the proper current. 

The following are the experiments which led me to generalise the feet of the proper 
eumnt of the frog. There is 'no dffieulty In preparing the gemellus or gastrocne- 
mius muscle of the frog, leaving a certain portion of the funicular tendon, or tendo 
Achillis, which goes on to insert itself into the calcaneum, and taking care to avoid as 
for as is possible injuring the upper part of the muscle. I prepared a great number of 
these dramrts, and arranged them in a pile, as represmted in Plate IV. fig. 9, in «ich 
a manner that the tendinous extremis came in contact with the bdly of the muscle. 
. From this pile I obtained signs of a current directed in the muscle from the tendon 
to the muscle, that is to say, in the same direrfion as the proper current. Comparing 
together an equal imniher of elements arranged in piles, and consisting of U-^-s alone, 
or of gasti'ocnemiuii muscles only, the intensity of the current has been to uil appear- 
aaoe the same. 

With equal fedlity the rectus femovis of the frog may be prepared, leaving tbe 

tendinous extremity which is inserted into the patella, and laying bare as little as 
possible of the inteimal muscular surface of the upper part. Thus I have been enabled 
to form a pile composed of several recti femoris, always arranging them in .such a 
manner thai the tendinous extremity reposed upon the surface of the muscle as far 
HOCCCXLV. Q n 
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removed aa poarible fron kbe krteniBt pivt. A pile m formed has given oootttai and 
distinct signi of a cnrnBut dimied la lha nrascle fronf the tenden lo the snsela 
With r^ard t» the iatemity, I most add that the sigos have always been weslieiv 
fiom the pile comiiDMd of veoti linoerii, than thoae from tiie ptte of half Jfga or gas- 

trocnemli muscles. 

It is verv nafnral that the cnnso of tlii'i dUFcrcncc should be owing to rlic l.u r of 
the inasculur current circulaUng in u contrary direction to the other. Aud, m truth, 
if the dlspoaitiaB oTthe dementa wirieh oompoee theae piiea be etar so little changed, 
ao that the tendoa of one of these eleoMiite be made to rapoee open or near So tiM 
interior of the moicle, tho Slgiis of ererf oanettt become very wank or oeaie alto- 

gethor (fig. 10.). 

I have prepared a nuiiiLM t of anterior cabital muscles, or muscles of the fore-arm 
of frogs, which likewise have at their extretnities, near the carpus, a very distinct 
undinona band. A pUe eompoeed of ttMse-mnicles, disposing tiiem aa oanal, iritli tlie 
tendon resting on the mnecslar aocftoe of the next element^ givee oonalant and my 
ifiaUnct idgoa of a current, the direction of which, in the muscle, is from the tendon 
to the mnsclc. Tiie following in the meanwhile is the generalisation of the &ct of 
tbc proper current of the firog; the current ia directed within the maade from the 
tendon to the superficies. 

It remained for me to ettend Uda Act to its operation upon the muscles of warm- 
blooded aniauda, and the eaperimenta aocordcd in aodi a manner aa to leave no 
poarible doobt. 

In theae experiments I employed fowls, pigeons, rabbits and doga* It is neoeewy 

to operate with great rapidity upon these animals, since, as in the muscular current, 
tbc signs of the current which we are now *.ludying cease very quickly. Not less 
than six or eight elements are necessary for eliciting signs of this current sofficienUy 
evident to remove all donbt. In aH theae animab the moscalsr extremities tamed 
towards the iiset are ftamlebed with tendone much more distlnet and groapod tofa> 
Iher than those of the upper and oppedte extremities. I wished at fimt to Iwve 
separated the dilTt t nt miisrles as I had done thofsc of the frogs, but the process is 
much more difficult with the muscles of these animals, wbicb always get considerably 
lacerated. 

In order to anoceed in the iMSt poesible manner, after having removed the integv- 
ments, I cut the thigh as near as possible to the artiealaUon widi the oe ilinni ; and 

in pigeons it is easy to tear the thigh out of the socket. The surface of these ele- 
ments should be well-dried and the pile formed (fig. 11.), di-sposing them in such a 
manner that the inferior extremity of the leg, where tlie tendons unite together, re- 
poses upon the surface of the muscular masses of the leg. In this manner the muscles 
of the thigh have no part la the cinmlt. From similar dispositions of eight elements 
taken from rabbits or pigeons, the signs of a current, marked by my gaJvaaometer, 
were from 19" to 16% and 30", and directed in the pile from the tendlnons extremities 
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to the miucular sut-iaccs. It is sufficient to introduce the thighs into this pile, to 
pat, thtt it to Hiy, tbe interior of the moaols ia contust nifeh tlw tendinoui oclreiniQr, 
Ibr tbe eigtt of tlie enrrent to be inverted, end the mnionlnr eunent pradnoed (fig* 13.). 

This proves how necessary it is, in order to have the signs of tbe current directed 
from the tpndo?) to the moacle, not to comprehend any portion of the interior of the 

muscle in ilif cirejiit. 

Let us then conclude, that " touching a mass of muscle belonging to a living animal, 
or nn anioMd reemtiy killed, with a homogeneous condoeting arch, one extremity of 
which is contaet irith the tendon of the mnnle, and the otiier entb the superficies of 
the mnsele itself, signs of an electric current ure obtained, which circnbites in the 
miigcular mass, its direction being from tbe tendon to the external surface of the 
luuscle." 

This fact comprehends that of the proper current of the frog. 
Let it not be foigotten that from the snm ot all our rssearobes, it has been proved 
that both tlie musmilar and proper enrrent are sntgect to tlw same laws, and thus in 

all probability have a common origin. I would here again call the attention of ana- 
tomists to the study of the stnjctnre of the muscles, and of the relation which exists 
between the muscular fibres, the tendon, and the meiubrane which invests the fibres 
or the sarcoleroroa. 

If I have rightly onderstood tbe chMsicat labonrs of my friend Mr. Bowman, it 
wonid follow thut the extremities of the elementary muscular fibres are immediately 

connected and continued with tfie tendinous fibre ; while the sarcolemma which invests 
the mnsralar fif)ro ceases abruptly where tbe tendon begins. On the strength of this 
disposition 1 cannot abstain from emitting an hypothesis upon the origin of tbe proper 
eorrenl^ which would rednee all that we know on tiie enhjeot of animnt deetricity to 
one principle alone. Let it be granted that the tmdinoas fibr^ from its stmctare, 
from its connections with tbe muscular fibre, and from its oondnetit^ity, represents 
the intetniil part of the muscle, and that the sarcolemma, on the contrary, is distin- 
guislied liiuier this aspect from the tiiuscnlar fibre; then the case of the proper cur- 
rent, oi* of tbe current front the tendon to the muscular surface, becomes at once tbe 
simplest and most general case of the mnscnlar corffent We must never forget tbe 
analogy between the muscular electro>motor dement and tbeVbltaaian element: 
tbe zinc is represented by the discs of the muscular fibre, the acid liquid by the 
blood, the platinum by the sarcolenima. Whate\ rr he the conducting body with 
which the zinc is made to communicate with the platinum, the current is always in 
tbe same direction. If it be well proved by anatomy that the tendinous extremities 
are oontlnnons with tbe extremities of the uiuseulsr fibres, and diat tbe saroolenuna 
which envelopes the muscular fibre alone, and not the tendon, is not continuous, is 
not as it were identified with the muscular fibre, the analogy between the muscular 
element and that of Volta i« complete and perfect. 
Tbe chemical actions ot nutrition evolve electricity. 

Pita, April It 1845. 

9a2 
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XIII. Electro-Physiological Researches. — Third Memoir. On Induced Contractiom. 
Bg JSgnor Carlo Mattetjcci, Prqfes.^or in (he University of Pisa, Sfc. SfC. 
Communicated % W. BowMiUi, Esq., F,R,S. 

Received July 23,— Read November 20, 1845. 

The terra Induced contractions was applied in England to n physiological fact 
discovered by myseU', and described in the tenth chapter of my treatise on the Elec- 
tro-pbyfliologicftl PbeDomena of Aoimala. I shatl henceforth adopt this denomination, 
lince it has the advantage of expreising the plienonienon intb brevity, and, to a certain 
degree, its nature. 

I will begin by explaining', in a few words, in what ttiis fact consists, together with 
tbe principal researches which I made in the coiuuienceinent for the purpose of dis- 
covering its laws. Having prepared a galvanoscopic frog, I laid its nerve upon one 
or both the tbiglM of a frog prepared in the ordinal raaoner i this done, on applying 
the ptAm of a pile upon tbe lumbar plexuses of the frog, at the same time that the 
muscles of t!ic tlilghs were contracted, contractions were excited in the galvanoscopic 
leg, the nerve of which reposed upon the thigh of the other frog. I discovered the 
same fact, placing tbe nerve of the galvanoscopic frog upon a muscle of tbe thigh of 
a rabbit, and ensitinf the muscle to oontniction by means of a current which 
traverses its nerve. I have even seen contractions <^ the galvanoscopic frog occur 
without applying the electric current for tbe purpose of contracting the muscle which 
ought tn induce the contraction?, adopting for this purpose any other stimulus to tlie 
lumbar plexuses or to the spinal marrow. I finally tried these experiments, introducing 
between the nerve of the galvanoscopic frog and the inducing muscular isurface very 
fine laminae of cUfferent substances. A leaf of gold and a very fine nonr^sonducting 
stratum of mica or <rf glased paper being interposed prevented the phenomenon, that 
is to say, the induced contractions in tbe galvanoscopic frog failed to appear, whilst 
a stratum of fine paper soaked in water dif! not interrupt the induced contraction. 
From the whole of these facts I was led to conclude, — 1st, that the contraction in- 
duced iu the galvanoscopic frog could not be attributed to tbe effect of derived cur- 
rents ; 9nd, that it should rather be considered the eHhet of an electric discharge 
taking place during the contraction of a muscle. For the sake of supporting this 
explanation of the induced contractions by facts, I instituted a great number of ex- 
periments nfiifh are descrihed in the tenth chapter above referred to. With this 
view I compo!>ed u pile of entire frogs, and closed the circuit with the two extremities 
of the galvanometer. Allowing tbe needle to become stationary, I touched specialty 
the nerves of tbe fbogs composing the pile with a solution of potasaa, by which means 
• 
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coatractions were exdted in theie frogi. Operatiiif in tUi nnnnor, I have oAea 
reoMurked tlw deflection of tbe needle to be inoreeted Iqr * degraei, aftar wbikh 
tbe needle retrograded. When the frogs were touched several times with the potasn, 
or were very macb weakened, so that touching them again with the alkali no longer 
produced contractions, it has, in most cases, occurred that there was no sign of in- 
creased deflection in tbe needle of tbe galyaoometer. Finally, bathing tbe nerves of 
frogi arranged in piles witb acid or nllne eololiom^ tbe deflection, ftr fron in- 
creasing* rapidly diminished, at least in the beginning. 

These facts, with which I paused, might have appeared in some manner favourable 
to tbe idea that the induced contractions weir thp cfTvct of an electric discharge 
which accompaiues tbe act of muscular contrttctioo : notwithstanding this I termi- 
nated the chapter referred to wUh the feUowinf iravde " I oannot take upon me 
to affirm that the qoestion it entirely •olvad,-and I pame Imt fiiMn not knowing hov 
or by what way to advanoe to solve it»** 

The importance, however, of the fact of induced contractions thus always appeared 
to me vevy great, and ronscqucntly I have not lulled to give my strictest attention to 
the study of it, and 1 have reason to believe, iatteriy, with some success. I shall, 
tbereliwi* nlnnteiy desoibo In tUi mtrntAr M tbt aqptrfawMita that I have iaatltnted 
upon the induced ooatmctions, and I tnial the readi^ wUleqeaae the praliaity 4^ the 
description. 

Before cntnmencinj;^ a fresh series of investigations into the fundamental fact of 
tlie induced contractions, I thouij-ht it necessary to repeat and vary the experiments 
of which I have already given un outline, and which were directed to the purpose of 
discovering whether there is a devck^ment of de ct t idty daring the oootiaisiion 
bfamanle. In order to have a more fixed and ooodderaUo dsfleetkui, it was aeees* 
tacy to employ piles consisting of a greater number of elemestB than those I bad 
mode nse of previously. I imafj'inei! that for thi^ pnr[x>«e a muscular pile would be 
far preferable to a pile of fro^s. I avail nivtuif ot tiiia opportunity of referring to an 
experiment made for the purpose of proving tbe existence of tbe muscular current in 
the living human suljeet. I applied tbe nerve of the gidvanoecopic frog with care to 
the mMole of a leg laid bare by a wound. Hie most Hvefy contractions were excited 
in the galvanoscopic frog every time that tbe ciRNiit was snilably cloeed between 
tbe interior of the wound mfl the enrfnce. 

My late experiments have shun u beyond all doubt that, tbe number of elements 
taken from the same frogs being equal, tbe mnaealBr curnHit to muoh stronger than 
the proper current. I have teoently sbown that when from defeet of nutrition, a 
very low temperature, or the actkm 1^ sulphuretted hydrogen, &c., t>of li the muscular 
and the proper current of The frog are weakened, the diminution is much more con- 
siderable ill tfie latter tlian in tbe former. And in fact, composing the pile <?eseribed 
at p. 116 of my treatise witb halves of frogs prepared by cutting the thighs in half, I 
find a dilibrential current varying in intensity, but always in the direction of the 
muscular carrmt. It is only in very robust frogs, cfividing the tlngb in the tliicfcest 
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part, and leaxiqg a vary mmU iiMnal wm§Km of tht nniiela cxpoecd, that the difier- 
•ntial earranC is fiMiiid to be eltfaer or in tbo diitctioti of the proper eavrtnt. 

This fact attracted my attentioil Ul the Ooarae of my early experimentg, but the ex- 
planation of it is clearer to me since ray later invastigations, reflectitig that in leaving 
the thigh almost entire, we have two elements, that is to say, the muscles of the leg, 
and those of the thigh, which direct the current in the same direction, while there 
ii hat one eleneBt of the miucMlar oorrmt whieh gives a current in a c<mtrary di< 

fOCtiOB* 

Returning to the subject of this menMir» I would obierve that I have employed a 

muscular pile in the view of determining whether there is evolution of electricity in 
the contraction of a mnscle. But since in order to excite the contractions of the 
muscle, I was obliged to bathe it with concentrated saline or acid solutions, or better 
with alkaline 8olntioo8» I previously studied the eti'ects of the autiuu of these liquids 
npoD the mmcolar canent. In this vieiTj from a gnat nnmher of frege I telaotod 
eight wWch I prepaxed in. tba aioal nMmnor^ anA which fanilBhed sixteen dementa 
or half thighs. Closing the circuit, the needle reached 90** and remained stationary 
at 22"". Constructing another similar pile, after having well-washed and then dried 
the sixteen half thj;;hs, the result was the same. Another sixteen similar elements 
were immersed lor u few seconds iu u diiutud solution of sulphuric acid, and aftef> 
wardf wailied aereval times ia water, fo that they did not redden taraeol p^ier. 
Oompoeiiif the pihs and doeiny the drcoit, a carrent was prodaoed in the diieetion 
of the muscular carrent, bat the deflection was only 6° or 7^ at first, and the aeedle 
was fixed at 0". I rapidly nit the half thighs with a pair of scissors so as to renew 
the interna! snrfare of the tmiscle ia a fresh state. Recomposing the pile, the current 
was still weaker than that iodicated above. Thinking that the effect of the acid 
■olotioo opon the nuiseahur elements wae to dimiiuah the eoadactihility, I constructed 
a masoalar pile of e)ght half tidglis of ^ftega tdten Aom frogs previondy intac^ to 
whksh I added Ibar entire th%lM taken fiom frogs likewise intact : the current iduoh 
resulted was 4(f. In the room of the four entire thighs, I next substituted four entire 
thighs which had been immersed in sulphuric acid and then washed, the current was 
44". The conducting power therefore hod not varied in the muscular masses sub- 
jected to the action of the acid solotion. To be still more ceitain of this conclusion, 
I tried the cxperioient dready described, rabatitntmg dght half thighs fiar the foer 
mttreonaforthepBiposaof prdengingtibeeireait. These dght half tiu|^ bdng 
treated with the aoid solution, and joined together by contact of the iotsmal sarftoe 
of one with thr external surface of the other, the result was the same. 

I next repeated the same experiments, using a sufficiently concentrated solution of 
potassa in which to iunuerse, for a few seconds, the muscular elements or half thighs. 
■Theae etemeots were then washed in pare water ontil thsj ahowed no aUuline re- 
daction. Compodag the pile with dxteen denMnta, and deaiag the drcd^ there 
was a fiitt deflectioa of fimn I(D^ to 1 2* in the osod direedon of the moacnfaur cnrrent. 
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and Ml iinpercept9>le stationary derteittoiu MakHif a fraah aeetion of tbe masele 
and ra<!oiD|MMiB|f Hie pile, the remit waa the nnw. And in tills oaae» likairiM, the 

conductihllity was not changed ; consequently the alkaline or acid solationi act aa I 
had l)efore found water act at a high teinperatijre I will here repeat an experiment 
whicl) I made, merely to show its accordance witli those related above. Sixteen half 
thighs of frogs were itiuner^ed for a few secondb in water at about 50° C. On taking 
these eleinenta out of the warm water and hathinir them with coM water, I constmeted 
a pile, ctoeed the dreoit, and bad a first defiection of 19* in the direction of tbe mos- 
cnlar current, and the needle stopped at 0**. After having renewed tbe internal 
surface of the muscle by making a fresh section, I recomposed the pile, and the si^s 
of the current were tbe same as before. And also in this ca&e I assured myself of tbe 
fact, that the conductibility bad not been sensibly changed by the action of the hot 
water. I will add, moreover, that It is not to the repeated washing in pare water at 
the ordinary temperature, that the diminatlon In the intensi^ of the rouscnlar current 
is to be attributed. I have very frequently seen the same deflection slightly varying; 
in intenKify, produced by a pile of a given nnrtifu r of elements, or half thighs, some- 
times washed in pare water, at others not washed at all. Even a solution of chloride 
•f Bodlam highly concentrated, Is oa|>able of dfanlniibing condderabiy tbe signs of 
the current prodoced by a pile of which the deoMnts liave been Immersed for some 
seconds. I'hns, whilst sixteen common elements produce a firat deflection wbieb 
mounts to 00", and remains fixed at from 20° to '."J", if these elements be left for a 
few seconds in the saturated solution of tlie sal marinus and then taken out, the first 
deflection is about 60^, and the needle becomes stationary at between 8° and 10°. 

We are thns led to eonelade, that by the aetton of the allcaline add or «diiie soiii> 
tions in a concentrated state, those coa<Ktions of tlis muscniar etenents by which the 
evolution of electricity takes place, are destroyed. Nor is this conclusion in opposi- 
tion to the admitted origin of this current : but sinre by the action of the arid, or 
saline solutions, the signa of the muscular current either cease or ni-e greatly weak- 
ened, it remains to be explained why, in the experiments reported in my work, and 
of which I have given an outline in the ebmroenoement of this memdr, the diminu- 
tion of tbe current did not take place on toochlng the elements of a pile of frogs 
witli an alkaline Solution, while it oceurrad immadiatdy on tonching them with an 
acid solution. 

On tbe contrary, we have observed, that operating with alkalies, at the first 
contractienB that are oudted, then hi In saany cases a perceptible increase of deflec- 
tion, which ksU for soma aeoands. With acids» on tbe contrary, the davhitioo Is 
lessened Immediatety, and returns again after a short time. 

Before endeavouring to account for these phenomena, I will describe those of my 
expei-imenr'^ performed with tlj( greatest exactitude, in tbe view of ascertaining whe- 
tb^ there he in coutractiou uiiy evolution of electricity. I prepared a great number 
of frogs according to GAiMnfs malhod'i I then cut their legs, disarticulating them 
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M wdl u I m able: thait muned a oouple of thighs mHtd by a portioa of tbe 
^inal obord. One of tfae«e tbigbt I cot in balf, and Id tbit manner I bad a oertafn 

number of eletucnts all alike and ooositting of an entire thigh, a portion of tba spioal 
chord, and a half thigh. It is easy to understand how, witlj these elements, I com- 
poeed a muscular pile, that is to say, applying the external surface of tlie entire thigh 
Upon tbe internal surface of tbe thigh of the succeeding element (fig. 13.). This done, 
I imiRMie the extmnitifli of tbe falvanometer in tbe liquid in wbieb tbe extremides 
of this pile terminate. A small appendage to the eatremltics of tbe condacting'wires 
^ of the galvanomeler, pradudes the neceraity of my holding- tbe latter with my faaade 
when I require to complete the circle. I have repeated this experiment a great 
number of times, at one time using a pile of twelve, at another of sixteen, nt other 
times of twenty elements. Both the first deflection, and that at whicli the needle re- 
maioed stationary, were somewhat weaker than they would have been had the piles 
bemi compoaed of an equal nomber of halves of th^j^ only. This dilferance is mainly 
attributable to the greater length or resistaooe of the dreuit. In every esse referred 
to aiiov^ after having snfTered tlie needle to become stationary, which it did in the 
variou'* exponinents at 10", 12°, and sometimes 15°, I touched the lumbar pit x i t s of 
the ditlerent elements with a sufficiently concentrated solution of potassa, excepting, 
however, tbe two extreme elements, for fear the alkaline solution should reach the 
liquid hi which the extremitifls of the conducting wire of the galvanometer were iuv. 
neraed. Tlie mnseular centractions took plaee immedhitely upon the appHoaUon of 
the alkali, and lasted for some seconds without ever being sufficiently strong to in- 
terrupt the pile by displacing the elements. During these contractions tlie needle of 
the p^.ilvfjnoiTietcr did not move. In some cases I have seen the needle go back, in 
otiiers rise to 2^ or But these variations are too unceitain in tbe greater number 
of cases, and most generally correspond to a too sodden motion of the elements of 
the pile widch di^urhs tfadr contact. 

' Lst us then conclude that dirsct experiment answers negativity to the qnsstton 
we proposed to solves whether there were evolution of dectridty in mnsoular con- 
traction 

Having got rid of this part of the question, the next which presents itself is the 
consideration of the phenomena which we observe in tbe proper current (for which 
we employ whole frogs), and which consist in signs of increased intensi^ oa first 
tovehiiig the lumbar pdexuses of the frogs with potassa* while, on the contrary, an 
acid solution causes the needle to fall instantaneously. To arrive at a knowledge of 
these facts I have repeated and varied my former experiments^ and tlie explanation 
of the facts is as follows : — 

W hatever be the form of the elements med tor constructing the muscular pile, 
that is to say, whether it he made of entire Crogs, of halveM>f thighs, or, as described 
(fig. 13.), if the snrboe.of the mnseular dements be bathed with an add w alkaline 
•ohition, it constantly bappsns^ whether there be- oooUMtioiis or not, that the de- 

imcccxLT* 9 s 
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flectkm dinunishea and tlie needto retarns to wtra, wImm it renuuu if tbe action of 

tbe alkali be repeated, oi- the sglation too concentrated. This effect If identical with 
that already dcsi rlhi d, which occurs in the muscular elements immersed Tor a few 
seconds in acid or alknltnc solatious. In the manner of condncting the experiment 
(fi^. 13.) which we bave adopted, in order to excite the muscles to contraction, we 
toooh vith the allcali such points of tbe nraades as are in acerCain manner ont of tlie 
i»rouit, and whklbk oertiunly do not constitnto tbe electromotor part of the etemenC 
In the pile of entire frogs, with which we succeed oftenest in obtaining signs of in- 
crease of th<_' current for a few seconds, on tonehinf the Inmbar plexuses alone with 
the alkali, tliet^e bigns of increased intem>ity never occur if the entire muscular surface 
be buthed with an alkaline solution. I will add, moreover^ that if an acid solution be 
employed, and care be taken to tovob tbe Inmbar plexoees only with a paint-brtMl^ 
carefully avdding tbe musoles ni the thighs or legs, the deflection is not diminished^ 
and in spite of the contractions which are excited, although these are less than those 
which the alkali occasions applied upon tbe muscles, there is no increased deflection. 
The surface of the muscle must be touched with the acid to make tbe needle ML 
The same occurs with tbe alkali, and ia, I repeat, in accordance wHh the cxpedments 
already referred to with the muscular elements which have been Immersed in Uic 
acid or alkaline solutions. 

It is then only witli the pile of entire frogs, and only when the luuihar plexuses of 
these alone arc touched with the alkali, that sometimes a slig^ht increase of deflection 
is perceived, while this does not occur when acids arc suuiluriy appiUed. Takin^^ op 
our ground u[Mn the slr«iifth of all the expsrinents dcaeribed above, it is impoariblc 
to oondder this result as contrary to the absolate answer in the negative j^veit above 
to the question whether then were devdbpment of dectrieity in muBcnlar mhp 
traction. 

In the course of the present memoir other irrefragable proofs will be adduced in 
support of the a&sertioa to the contrary. It is imposuble tw anybody who looks well 
to die whole of these pltenomens, not to perceive the difficulty wbidi occurs in ew- 
deavooring to explain why, in the particular case described above, the alkali slionki 
produce an increase of deflection in the proper CWtent Of the {Ale of entire fro^ 
For myself, I incline to tlie belief that stronger and more permanent contrartion5= 
being excited by the alkali than by acids, the contact between one element an i thr 
other becomes thereby more intimately established in tbe greater number of cases, 
and, by that means, tbe intsmal condoctinff power is increased. In efibct, this contact 
It my imperfectly establishad in the tile tfCTtire frogs, and veiy great diferapoa to 
the intensity of the current is perceptible with the same dements liy improving their 
mutual contact. 

Whatever may be the right interpretation of the slight increase which occurs in 
the mteiisity of the proper ciurrent, on. touching the lumbar plexuses of the frog^ 
and thus exdtiqg muscular contractions, certainly thia feet alone is inraflldent to 
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lead us to admit the evoliitron of electricity duiiiig muscular contrnction, while, as 
certainly, all the other cases described oblige us to couclude tiie contrary. 

I will now proceed to detafl several other new reeean^es upon the phenomenon of 
induced oontraetions: btkt I must fint entreat that the reader will excuse my tree- 
passing on big time with a lengthened account of my numeroM eiperiments: the Ihet 
of indurr d rontmf tions is certainly of such importance, and at the same Ume SO 
obscnrc, that it cannot be established cxrppt by long and patient researches. 

No one who bus once seen induced contractions occasioned by contractions excited 
bj other means than an dectrio onrrent, can hentate to admit diat this oimcnt is 
not the direct cause which produces them. 

If the nerve of the galvanoscopic teog be applied upon the muscles of the thigh of 
a frog prepared in the ordinary manner, and the spinal chord be suddenly lacerated 
with scissors, or with the broken ed^e of a piece of" gla-?. or by any other nipan«, in- 
duced contractions very rarely fait to occur. It is however certain that passing an 
electric current through the lumbar plexuses, the phenomenon of induced contrao- 
tiotts scarcely everifiuls. 

As I Imve most frequently resorted to the passage of the cAectrfc enrrmt for exci- 
ting contractions, I have taken every possible |»ecaution to prevent any portion of 
the electric current from invading: the gaivannscnjiic frog or the thighs of the entire 
frog. The best mode of conducting the experiment, and the way which offers the 
best chance of success, is to hll a common dinner-plate with Venice turpentine and 
apfeud the frog upon it. It is hardly necessary to say that the turpentine should be 
so dense that the frog cannot sfaik in it t care must be had in prepariog the galvsh 
no8co|^C frog not to leave any portion of muscle attached to the nerve. 

Whatever may be the position of the nerve of the gal\'anoscopic frog relatively to 
the muscular fibres of tl>e thigh on vviiich it is luid, the phenomenon of the induced 
contractions always continu&t. Thus on some occasions I have extended this nerve 
parallel to the muscular fibres, or I have extended it normaBy lo tbe said Hmm, or 
in fine, I have bent it in a algzag, that % in all dlrecttohs^ and tiie induced contrac- 
tions have been obtained in eveiy ease and without sensible diArence.' 

Tliese induced contractions are obtained by applying the nerve of tiie gslvanoioopio 
frog on the gastrocnemius muscle of the leg. 

I have also atr* mpted, by washing the galvanoscopic frog several times in pure 
water, to remove any trace of blood or other humours which might be sprinkled over 
the snrfooe of its mnsclssi and tbe induced contractions have equally contnined. 

I have cut with a rasor, or better still with a pair of scissors, the suffice of tbe 
muscles ; I have then placed the nerve of the galvanoscopic frog upon the cut sur- 
face only of the muscles themselves ; the indnced contraction has taken plnf'p. It 
has also occurred on disposing the npi ve of tlic iralvanoscopic frog upon tiic rmiscle 
80 that the extremity of the nerve should fold buck over the nerve itself, and thus 
form a kind of closed circuit. 

9s9 
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I hftTO alflo wiabed to BBoertain if tbe indueed oootradloiui oontfamed even wbai 
the neffe of the galvanoewipie Irof bad not been cut. I hurt tlierefore prepared tho 

frog, 80 as to presence tin' nerve entire, as follows. Having skinned a frog I remove 
tbe viscora, then the boues and muscles of the pelvis, and finally the muscles of the 
thigh, taking care to preserve the nerve of tbe tbigb. In tbb manner I obtain a 
frog wImmw nenoiu sjatem is eotin^ oad which hM a loi^ nervous flliunent unooveced, 
that the lombar plexus and tltt serve of tbe Ihigb. Having thai obtidned tbe 
frog, I pcepare another in the ordinary manner, whieb I place upon the totpentine in 
the manner already described. Then I place the nerve of the frog, prepared as has 
been said, upon the thig'hs of the other frog (fig. 14.). On excitinju; the mnscnlar 
contractions, the inUuced contractions are obtained as they are by using tbe galva- 
notoopic frog alone ; and at the lanie time tbe oontracliona in the nraeeloB of the 
badE and in the otlier leg are obtained. We diaU faava oooaeion to reeur to this tf.- 
pertment Airther on ; we now limit ourselves to deduce from it that the indnoed 
contractions are obtained, even when tbe nerve placed opon the muscles in contrac- 
tion is entii'c. 

In using tbe (vog thus prepared, I have experimented upon the induced contrac- 
tions, by causing tbe nerve tlml is hi contact with tbe ronsole in contraction to be 
already Ui some mamier excited by a current or some stimolos. For this purpose I 

have comprehended tbe galvanosoopic frog in the circuit of a voltaic circle, or have 
applied upon the nerve a drop of an alkaline solution. Every time that the indncing- 
muscles are contracted, there is always induced contraction, whether the nerve 
throogb which this carrent is transmitted be already excited or not, and consequently, 
even when the mneeles in which the indooed contractions are generated, are already 
in contraction ; and, in fact, in spite of the contraction aL'cady present there is no 
difliculty in perceiving tiie induced contraction that follows. 

Many easy experiments may be made to prove tliat in wliatev cr ^ray the nerve of 
tbe inducing muscle be excited, if its contraction fail, tbe induced contraction is alao 
wanting. I shall limit myself to reporting some of the prindpal ones. Havi ng cut 
the nerves at two or three points m the interior of tbe indndng miaole, so as to pre- 
vent its contracting, the induced contraotioii is wanting when the nerve Is hi any 
way stimulated external to the inducing muscle. 

If, without cutting the nerve, all the tendinous extremities of the muscles of the 
thigii are severed, and trausverHe cuih arc also made in those muscles, taking care 
not to divide tbe nerves, on stimnlatiug them, the inducing and- also tiie indneed con- 
tractions are wantfaig. 

By removing with cai-e all the muscles of tbe leg of a frog, tbe nervous filament that 
rnn«! in the leg itself may lie nnoovered. This nerve maybe irritated either M-tth the 
current or any otlier stimulus, after havinir extended the nerve of the galvaiioscopic 
frog upon the muscles of tbe thigh above. These miuicles ot the thigh do not con- 
tract; the hidnced oontraction is wanting. 
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Cy operatiug. upua rabbits or upon dogs, 1 bavc beuu able, w ith the electric current^ 
to Mt npoa tbe nmoui Abuneitls that ran to the kldn^ to the itoiDeeb, and 
to the inteatinea: when the nerre of the g«lTnnoMO|ne teog wee extended vftm the 
diftrent parts id the tame oonditiciii a> for tbe inneclcey I never obtained any sign 

ef induced contraction. 

I have also sought to discover it' tlicre \ras coDtraction induced by applying ilie 
nerve of tbe galvanoacopic frog upon the excited nerve. For this purpose it is suf- 
fieknt to prepare two galvaneicopie froga, and to extend tbe nerve of tbe one upon 
the nerve of the other, hi the {lointi ncareit to the leg. To peiibrm the exfieriawnt 
with every care, the two frogs are disposed upon turpentine. Hien, dther with the 
current or with some other stimulaut, tiie superior points of the nerve of the frog-, that 
I shall continue to call iaduclng, ai-e erected. There is no mduced contraction in 
tbe galvanoeeopic frog, although this contraction immediately occurs, if its nerve is ex- 
tended over the gastrocMmhis of the other. It is needless to say thai in nrfng tbe 
current to excite the indnolng oontraotion we nmst never fdaoe other of the elee» 
trodes of the pile in contiict, or in proximity to the nerve of the galvanoscopic frog. 

It is proved by the above experiment thar an excited nerve, nnd one in which is 
certainly propagated that cause, whathoevcr it be, which awaiicns contraction in the 
muscle and sensation in tlie bnuo, does not act upon the nerve ef the galvanoscopic 
frog placed in oontaet with it. I will also add the fellowiag experiment. 1 have 
uncovered tbe brain of a frog prepared in the ordiniii7 method with the greatest 
possible care, and I have extended upon it the nerve of the irnlvfmoscopic frog^. 

Ill various experiments thus tried, I have applied fhr current sometimes direct, 
boiuetimes inverse, upon tbe lumbar plexuses, and iti others I hare touched these 
plexuses with potassa, and I always obtain the ootManaetloas In tbe lower limbe and 
OQovnIrions in the Imck. However, I have never found signs of indneed oontractlooa 
in tlie galvanoscopic frog that was extended upon the brain. The indoced oontrac-r 
liors nr(^ therefore originated solely by the muse!* in [ (intraetion, 

I have song-ht to discover how these induced contractions gunv « cak, by causing 
them to be originated by means ot a muscle whose own contractiuu was induced. In 
a word, I have eiamined tbe indoced oootraotioiis of the second and third order, ftc* 
For this pncpose I prepare various galvanoeeepie frogs, and one in the onHoary 
manner, and T dispose them in tiie following wiqr- . Upon the muscles of the thighs 
of the entire fron: I extend tl»e nerve of a galvanoscopic frog", upon the gastrocnemius " 
of this, I exterKl ([i - nerve of another galvanoscopic frog, and so on in succession. 
The whole is placed upon turpentine. On exciting the contractions of tbe entire frog by . 
making the cnrrent paw through its lumbar plexuses, I have seen hi many instances 
l&rM.galvanoocopie frop eontnact, and all with nearly tbe same vivacity. The con- 
tractions are never wanting in two frogs, but-l have never been able to perceive four 
contracted There is therefore an induced contraction of the first, the second, and 
the third ranii. Jiefore coming to tbe consequences to be drawn from the above* 
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in«iitloiied ftcti. it pemalm to me to describe the many experiments I hare made for 
the purpose of discovering the inflnenoe of bodies interposed between th« muscle !a 
emtraetion and the nerve of the galvanoscopic frog upon the induced contraction. 
From my first experiments upon the induced contraction, I had perceived that on 
extending- a sheet of gold leaf, such as is used for gilding, upon the muscle, and then 
pluciog the nerve of the galvanoscopic frog upon the gilded muscle, the induced 
oontnotion did not talce place. That this slioald happen, it mm neceesaiy tint the 
inusele shonld be completely coated with the gold leaf, which is not the case after 
<nie or two contractions when the gold leaf gets torn. I had tiien seen that a 
varnished paper (papier glact^ interposed between the muscle and the nerve impeded 
the induced contraotioD ; and lastly, a shoet of felt soaked with water or the serons 
liquid that bathes the snr&ce of moedes, and interpoaed between the mnsde and the 
nerre of the galvanoscopic Heog, does not prevent the induced oontraetlons. Onr 
knowledge was limited to these three cases relative to the action of intcqraied bodice 
upon the induced contraction. I have therefore songht to extend and vary the ex- 
periments. The manner of operating that I have adopted, consists in preparing a 
frog in Galvani's method and placing it upon turpentine ; while an assistant is pre- 
paring more galvanoscopic frogs whose nerves I extend npon the mvsdes of the 
thighs of the first frog. In order to awaken the indndng oontraetion, I always use 
a small Fahaoay's pile of fifteen elements immersed in pure water, and whose deo 
trodes arc covere«l with silk and varnished. 

'i'here is no liquid body among the many examined that impedes the induced con- 
traction ; pure water, slightly acidulated and saline water, serum, blood, olive oil, di- 
luted alcohol, the varnish of alcohol and resin, volatile oil of turpentine are the 
liqmds nmda use of in these experiments, and through which the induced eontiuclion 
takes place. I am alwa^ accustomed to let some drope of the liquid under experi- 
ment fell npon the mTi'irle, and to dip the nerve of the galvanosropie fi og in the same 
liquid. The induced coutrnction still subsists even if a thin sin et of felt imbued 
with the above-mentioned liquids is interposed between the umscie and the nerve. 

The al^t ooadudibility of some of the liquids made tise of (oil, oil of tnrpentfaw, 
vurnish, ftc) has made me doubt whether the Induced contraction would not subrist 
even in spite of the interposition of an absolutely insolatnigbody. I assured mysdf, in 
fiuit,tbat across a layer, even very thin, of the said liqnids, neither the muscular car- 
rent nor the proper one was propagated. On holding the galvanoscopic froi^ in the 
hand, and causing its nerve to come into contact with a wetted paper that in any 
manner eommunicates with the ground, the oontraetton, as is wdlpknown, is obtidned. 
The same thing haniens on toodilng With the nerve of the galvanoecopic fnug, the 
muscles either of a frog or of any other animal in commnnication with the earth. In 
all these cas^ it is always the proper current that circulates through the observer, the 
ground, the touched body, and the galvano&coptc frog. Now if we wet the nerve of 
the galvuMNaopic frog either in common dil, or In ^ of torpenUne, or in vamisl^ 
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the diin atiiftnin tbat wUmiw to the miiaele is eoffident to impede the eirenlBtloii of 
the proper enrrent. 

It Is therefore indubitable tbat if an induced contraction is propagaled tbrough a 
stratum of tlie bad conductor"? mentioned, this induced contraction cannot possibly 
be owinj^ to a current generate ! i n the contracting moscle, and passing; thence 
into the nerve of the galvanoscopic frog. 

NeverthdeM theoe experioMOte weve lo inporteiit for the theory of the pheiionie> 
noa of indueed eontcactiott, tbat I dedred to tty the efifact of interpoiiiig betveen the 
contracting moscle, and the nerve of the galvanoscopic frog, a still worse conducting 
body than those mentioned. Tlie body tfiat das served me in these experiments has 
been Venice turpentine nearly solid, and rendered imire or less liquid by adding to it 
a little volatile oil of turpentine. Having smeared over the thigh of a frog with this 
miatiue, aod vetted the nerve of a galvanoeeopie frog with it, I prepare the experi- 
mettt at luroal, and. the iaduced oontraetion oontiRuee. To prove the bad omiduotiiie 
powers of the mixture made use of, I hasten to say, that if X apply one pole of the 
pile with which I excite the contractions upon the stratum of the in«nlafing' mixtnre, 
of course without penetrutiug to the mui>cle, and I touch with the other pole the 
nerve of the galvanoscofMC frog, the contractions are not excited in it. It is therefore 
proved fton this experimeot that the kidneed coatraetioD propagates itself through 
a stratom of aa insnlatiBg nbstaace that prevents the propagation not only of the 
niuscular and proper currents* bat also of tbat enrrent which excites the indndng 

contraction. 

If the insulating stratum uxceeda certain liiuits of thickness, and the mixture has 
not a eoBvenieat degree of Aoldity, the indnced contraction b wanting. It la how- 
ever impassible to determine witidn what limits of tfaiolcnese in tiie stmtnm and flo- 

idfitf in the mixture thh occurs ; it is soOcient for me to have established by expe- 
riment that in some cases the induced contractions are obtaim i, \rhile there is in- 
terposed between the nerve and the muscle an insulating stratum which certainly 
arrests tbe muscular and pi;oper current, no le^ than an ordinary voltaic current, 

£ ahaU sejj tBidl]r, that I have nevw succeeded in detaining tbe indnced coatrao- 
lion whan nsbg a solid body interposed, hoverer thin it might have been choeen^ 
and whatever might be its nature. For this purpose I nsed Bakes of mica extremely 
thin, flakes of sulphate of lime, gold leaf, paper smeared with glue, and leaves of 
vegetables. The induced contraction is always wanting. It is liowevcr a very 
cuiious, uud I believe even important iacl in ita coabcqueneeti, to obtain tlie induced 

coBtreetion throagh the dtin of the mttseka of the inducing frog. Tlie experfment 
never foils of success whether 1^ indaeiag emtveetion be excited by the deetrie 
cnrRn%or by any stimulus applied to the lumbar plexuses of tiieindndngfrog. 

Having thus described a long series of facts relative to the circumstances tbat in- 
tervene in producing, in modifying, and in destroying the pheaomenon of induced 
.contraction, it migbt be believed that with the .aid of these I might ascend to tbe 
physraal theory of the phenomenon. 
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Unfortanately I am F&tbw donbtfal of It, and In Ibii nnoertainty I again beg the 
reader tO follow me in the discussions that I shall be compelled to make npw the 
different hypotheses that may be imagined by wbich to inteipret tbe phenonieiiOD nf 

induced contraction. 

I. It is sufficient to have uru e seen tbe iuduced contractiuu originated by arousing 
tbe indocing contraction by any mecbanical 8tifnuliia« to no longer liave any kiiid of 
.soxpidon tbat tbe electric current need for auAdng tbe conti«ctl<m is propagated to 
tbe nerve of the galvanoscopic frog*. How must we understand tbe induced con- 
traction of tlie second and third order? How are wc to explain the fact that the in- 
duced contraction is wanting^ (uithough the current may be applied as usual upon 
the lumbar plexuses of tbe inducing frog), only because by tbe section of tbe nerres in 
tbe thigh tlw indndug contraction is prevented, or at least greatly weakened} Whj 
Is tbe induced contraction wanting when we apply the same current upon tbe nerm 
below tbe tbigh in which there are no inducing contractions ? Why, when weaet witb 
a current upon the lumbar plexuses of a frog already weakened so as no longer to 
have the contractions except at the beginning of tbe direct current or tbe cesaatloa 
of the inverse, why in these cases alone is there induced contraction r 

It is useless to continue to enumerate the objections tbat may be made to tfaeia* 
terpretation of indnced contraction by referring to tbe diffUiion of the corrent «»»• 
ting tbe indacing contractions, a diflbdon thafc can in no way be pbysically ooa- 
ceived. 

II. It might be suspected that the induced contraction was the result of a mecha- 
nical stimulus — of the shock of tlie indiicinsr nuiscles, which, in their contraction, 
sliake the nerve of the galvanoscopic frog. I have attempted many times (using 
extremely delicate galTaBosoopio frogs) to produce motion in the muscular masMOf 
the thighs in every possible way, and I never could see tbe galvanoscopic frog contract 
itselt If the occasion of the phenomenon were this shock, how could wc explain 
the cessation of the induced contraction by the inferpoaition of a very thin abeetof 
gold leaf or mica between the nerve and the muscle ? 

I have very many times tried to apply tiie nerve of tbe gidvanoscupic frog upon 
platea of metal and glass, upon itretdied membranes, upon cords of catgut iriuk 
they were vibrating, and there was never any sign of oontraeticn in the gslTSBO* 
scopic frog. It is not then tlie shock of the muscle in contraction against die now 
of the galvanoscopic frog that occasions the Induced contraction. 

III. It happens very rarely tbat the contraction in the galvanoscopic frog is ob- 
tained wbcu tbe nerve is being stretched over tbe tbigh of tbe other frog, and tbiii 
even when both arc perfectly insulated. It ia however certain that every tinw tbat 
this happens tbe occasion does not fail to be dtsoovered. It either consists is 

* Through excess of caution I have many times cndenTourcd to obtain the induced contraction by exdtio; 
coQtnictioa has <alMB flsM a* If ^ iadodng ooBtneliao hid btoaeuitdl by As evRsal^or ^■nr'A* 
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the inside of the musde being oncovered in some points, or because the nerve of the 
galvanoscopic frog remains united to some piene of muscle, t!mt folding back attain 
touches the nerve when this is extended over tlie itugh. It has also appeared to me 
that sometimes these contractions occur when the tendinous extremities and the 5ur-> 
fece of the moscle and of the th^b touch tw6 {K^nt* nS the nerve of the galvanoeoopie 
frog. So let us say that the indnced contmctioo takes place oonstantly lo ell eaaea 
in which, by the care tal<en, the above-mentioned circumstances that may awake the 
contraction of the isfalvanoscopic frog are verified. We know too that having nit with 
scissors the muscular superficies of the thighs, and rendered them thus quite uniliH m, 
the faidaoed oontroction continues, when the nerve of the galvanoscopic frog is up- 
plied upon the neir internal aurfiuie of the mnaeie. This indnoed eontractioni anb- 
riats even through tlie aUn of the frog, and oa Interposing tnanlating liqnid laym be« 
tween the nerve and the muscle. We have seen that the insulating power of those 
layers was such as not to permit the circulation of the proper nnd muscular cnrrents. 
How then can it be supposed that the induced contraction .should take its origin 
from tike above atated circumstances, even admitting that they may be rendered more 
active, or that tbey may be eaceited by the ninacolar contraction ? These drenmstuices 
rednoe thenaaelvea to the phenomenmi of a moacnlar enmnt or of a proper enrrent, 
which ought to traverse the nerve of the galvanoscopic frog, while tiiat nerve would 
be enveloped by a stratum of an insulating substance, which we have seen cannot be. 

IV. The first idea conceived by which to interpret the induced contraction, was 
that of an wrolntion of eleotrieity which might accompany the mnscnlar contraction. 
There ia evolation cf beat in the act of contraction ; and, according to the important 
observation of Quatrefaoe, which there is much necessity for repeating, in order to 
exactly IS tab I isli its details, there would appear to be development of light in certain 
cases ol muscular contraction ; so that analogy might lend tis to infer the probability 
of the production of electricity by the muscular current: betsides, the few experi- 
menta that I made when I cHscovmd the indnoed eontraetioa might very welt be In- 
terpreted on this hypothesis. An insulating body, as a lamina of mica or vamislied 
paper, when interposed, impeded tlie indnoed contraction : and it could not be other- 
wise The same thing occurred even when a lamina of gold perfectly discharging 
the electricity, that it is supposed is produced by the contraction, prevented the 
nerve from being traversed by it. 

In spite of these first steps, which were flattering me into giving a very ample ex- 
planation of the induced contraction and were leading me at the same time to prove 
an important phenomenon in the mu^ular contraction, I am now constrained to 
entirely abandon this idea because it is contradicted by experiment. 

In the beginning of this uieuiow, 1 referred at all possible length to the many ex- 
periments made by which to examine if there is any aogmentation of the mnscnlar 
current or of the proper ^one in the act of eontraetion. All my efforts have been 
oselcss, and I have been obliged to conelnde that experience does not prove tlmt the 
signs of the muscular or proper cnrrents increase in the act of mnscnlar eontrnetioo. 

MDCCCXLV. 2 T 
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We might believe it to be owing to an erolntioD of deetridty independeBt of the 

muscular and proper current ; but how can we suppose it so, when we see that the 
induced contraction propagates itself throagh certain insulating strata, as turpentine, 
oil, &c., while It does not talfe place if we use an extremely thin plate of mica ? It might 
be supposed that the electricity developed in the moscnlar contraction could have acted 
by iiMloctlon. In this hypotbeiis it is clear why the turpentine does not stop the fai- 
dttced contraction, but it still remains doubly obscure why with the extremely thin 
plate of mica ihis should ta]<e place. I have made an experiment by covering a 
galvanoscopic frog, placed upon a plate of glass, with a sheet of mica ; the electric 
discharge of a jar passes between the knobs of the universal Uis^charger upon the sheet 
of mica, and the oontraclions In the galvanoscopic frog are aroused. I shall not 
occupy mysdf at this moment in analysing these Acts i it is sniBdent at pressnt to 
prove that there most be induced contractions through the plate of mica if the occa- 
sion of the phenomenon were an electric discharge. I will add finally, that I have 
very inauy times attempted, and always uselessly, to awaken the contractions in the 
frog, by holding the nerve of the galvanoscopic fn^ near and almost in contact with 
a metallic conductor traversed by the electric cnrreot. 

To plaoe myself in bvmmble cireamslanoes that the iadnoed current awy be com- 
plete in the frog, I prepare it in such a manner that a long nervous filament (iliat is, 
one of the lumbar plexuses wit li its rontinimtion in the thigh) may be uncovered. The 
frog is otherwise intact, and ttie two legh touch eacli otIiLr. I support the frog with 
silken threads, so that it may be horizontal, and that its uervoos hlaiucnt may be in 
contact and parallel with the voHde conductor which is varnished. When eveiy 
care is taken to insukte the frog, signs of contractions are never seen in it either at 
the closing or the opening of the circle of the pile. It is seen that by this disposition 
the induced riicuit may take place in the frog. 1 have used a Bunsbm's pile of ten 
elements without any result. 

There is therefore given no experimental proof of that explanatioo of the pheno- 
menon of indnoed contraction which admits an evolatioB of dectrimCy in the net ef 
mnscnlar contracUon. 

We are still ignorant of the cause of muscular contmction, and we know nothing 
of this phenomenon except that it occurs on acting even at a great distance from the 
muscle upon the nerve that ramifies within it; that this action requires for its propa- 
gation the integrity of the mtovous flhunent from the point at which it is acted upon to 
tbe urnscWt that this propagation acts with a vdocity which we cannot judge to be 
less than that of light and heat and deetridty in their different media; tlwit that 
which modifies, ant^ments, or destroys the complication of the physioo-cbemical 
phenomoia comprelieiuied in the nutrition of the muscles, operates equallv upon its 
contractility under any slifuulus affecting the nerves; finally, that the phenomeuoa 
of the contraction of a mnscle ought to be understood, with the condition that what> 
ever be the cause of this phenomenon, it acts in accoidance with tbe pbydcal law of 
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elastic bodies. Tbe phenomenon of induced contraction would seem to be a lii^t iuct 
of indaction of that force which circulates io the nerves and wlitch arouses muscular 
coatraetioo. 

Admitting tbai we cannot give a satiiA,ctory explsnation of the pheBooMnon of 

hidiiced cutit raction by recurring to electricity or anj other knoiniCMieSi as I think 
I have abundantly proved, it appears to irie that we cannot, confinmG' ourselves to 
a first fact, as is that nf imi u i d contraction, interpret it ditferently from what we 
iiavc done. The induced contraction is only a new phenomenon of nervous force, a 
pbeooinenoii of which we have given the principal laws in thii memoir. It aeems 
to me therefore more juet to call that henceforth mtMcw&n* hidmeium, which I have 
hitlierto called induced contraction. I shall oonclade thia memoir with some appli- 
cations of iniiBcnlar induction to physiology. 

By the exporiinent described above (fig. 14.), it is proved that the mnscnlar induc- 
liuu is propagated in a nerve at tbe same time towards tbe two extremities — towards 
the mDade as well as towards the nervooi eeatre. If the mnacidar indDcdxon not 
only acts npon the nerve in contact with the mosde bat alio throogb some intei^ 
posed bodies, it is natural to admit that when a muscular mass enters into contrao- 
tion by the irritation acting on one of its nerves, the phenomenon of induction should 
occur in all the other ner\es. And even wishing to yield for a moment to the analogies 
that exist between the electric current and the nervous force, we might be led to be- 
lieve that thin induction should take place upon the excited nerve which is the cause 
of the oontraetion. GoaM we not perhaps from this deduce a physical explanation 
of a wellrestablishsd physiological foot, that within certain limits tbe activity of tbe 
muscles increaies in proportion as tbe contraction is armied in them ? 

It also appears to me that a great number of those movements whirh occur in tis 
and in animals independently of tbe will, but yet following othen^ occasioned by the 
will, may be considered as phenomena of muscular induction. I leave to physiolo- 
gists tbe coDtiiMiatbn of these stodisi» which iqipear to me woftfay of ail thdr ia- 
tereit. 

I shall twminate by dting an experiment which I think proves an action of this 

natare. Having prepared a frog in the ordinary manner, I cut one of the nerves 
that constitute one of the lumbar plexuses, and I divide it precisely at the point of 
exit from tbe vertebral column. Having extended tbe frog upon turpentine, 1 draw 
on one side the severed nerve, and I irritate it either with tbe current or with an 
aHcalL Thns veiy strong contractions avs prodnoed in the th^li, and at the same 
tim^ if the frog la very lively, there are conlorlioiis In tbe badt andmoviements in its 
anperior limbs. 
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XIV. On the Temperature of Mai). 
Bjf John Davy, M,D,, F,R,S.L. Sf Inspector-General of Army HospUaU. 

Rcoeired May 8,— Read June 19. 1646. 

Tt has been too generally taken for granted that the temperature of man in health, 
as luea&ured by a thermometer placed under the tongue, is a constant one. I have 
endeavoured to prove from tbe reeoltt of obeervations, llmt this is not etrictly correct » 
that when not ditturbed by dlaeaie it is anlgect to variation, to rise and lall under 
certain influences, eapedally of heat and cold, rest and exercise*. 

In the present communication I propose to submit to the Royal Society some 
further observations on the same subject, made n itli an instrument better adapted 
for tbe inquiry than tbe medical thermometer commonly used, and which has afforded 
residts of a |mcise and aatislketoiy land. 

Hie tiiennoni^r I have emplojwd is a bent one, about twelve inches and a half long, 
its bulb about an inch long, and, where widest, half an inch thick ; its curvature about 
three and a half inches from the bulb, and its stem, to which the scale is attached, 
nearly at right ane;^le8 to the bulb, so that when inserted undrr the tongue, the ob- 
server has no dithculty in distinguishing accurately the degrees himself, whether near- 
sighted or the contrary: in the latter instance using merely a coninion magnifying 
glass. £aob di^ree of the scale is a little more than half an inch (*6 inch), and is 
divided into ten ports ; and each of these parts is auflioiently lai^ge to admit of sob- 
division by the eye. 

It njay be right to premise a few words regarding the manner of observing with 
this instrument } and to notice some precautions which it is necessary to take to 
avoid error. 

First, as to tbe placing of the thermometer: It is requisite that tbe bulb should be 
introduced under the tmign^ and as for back as possibles and that wUbt in the 
mouth, respiration should be carried on entirely through the nostrils. If the ther- 
mometer is placed in the side of the mouth, between the teeth and the cheek, tbe 
temperature indicated is from th t ie-tenths to one-tenth of a degi'ee less, according to 
tbe degree of coldness of tbe atmosphere. 

Next, as to time : it is neccasaiy that the thermometer remain in the mouth many 
minutes, till the obeerver Is sure that the maximum height is attained. If tbe mouth 
has been kept closed for a quarter of an hour previously, a shorter time is required, 
than if allowed to be open and the passa-re of respiration. This is well shown by 
trials with the thermometer raised a few degrees above the temperature of the mouth 

• Ri M or i rv, Phyaioki(inl and AoatUBkMl, vol. i. p. 162 ; and PhUo a op hi ca. 1 IVawnctiMia for 1844« p. 61. 
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before introduction. In the one caae, the thermometer slowly Tails to the temperatare 
of the inouth, and is stationnrv ; in the other case, after having fallen it again vlstt, 
continuing to rise till the maximum temperature of the closed mouth is acquired. 

The observations which I have made with this thermometer have been altogether 
on myself t it would havo been diOlcnU indeed to have made them on another, with 
the reqnisite degree of accuracy, as th^ are tedious, demanding^ so much time and 
care. They were begun in August last, and have been continued almost daily up to 
the prrscnt time, with the exception of the greater part of tlie month of Octoh»M-, 
when they were interrupted until a second thermometer could be procured to supply 
the place of the firstj which was then lMt>lten, and which was even more ddieate than 
the second. It was my intention to Iwve extended tliero to a period o( twelve months 
before cfrflecting the results} bnt this I am not able to uccomplish, having received 
an order to prepare and liold myself in readiness for foreign service. Abroad I hope 
to be able to continue them, and as that will be in u tropicui climate, I am the more 
desirous of commuuicating now the information I have already obtained ; the com- 
parison of the two sets may prove interest iug. 

In conjunction with the temperature under the tongue, I have in most instanees 
noticed the pulse and respiration, considering it a desideratum so to do, and with 
the hope that the observations on the latter may be us^-ful data, and may in some 
measure tend to throw ligfit on the former, there being such an intimate connexion 
between them. The posture in M'hich the pulse and respiration have been counted 
has always been a sitting one. 

Of the many problems which might be proposed regarding the tempemture of the 
body, I shall now only touch on a small number; and I shall be well-pleased if the 
information I liave to give shall be considered merely as a contribution towards their 
solution, a beginning of an inquiry to be extended. 

\. C^fthe ymiatkm ^ Tempttahm durk^ the twenfy'^our komn. 

To ondeavonr to determine what is the extent of this variation, I have made on 
several occasions, observations every second or third hour, from the timeftfrisirijL; to tliat 
of going to rest, contuiinir tnyself to the house during the whole time and to rooms of 
nearly the same temperature, the greater jmi t of it, and varying but little my occupa- 
tion. The following for a single day will give a pretty accurate idea of the result 




PulM. 




April 13. 7 A.M. 



U. 1 A.M. 



9 AM. 

11 A.M. 

S P.M. 

4 P.M. 

5 F.M. 



6\ l-.M. 
7i P.M. 
\l P.M. 



98-5 
98-4 
98-4 

98'7 

9H-'j 

98-3 

97- 7 

98- 1 
97-6 



84 

74 

60 

54 
54 
54 

Gn 
66 
52 
S4 



IS 

16 
15 
15 
15 
15 
16 
16 
16 
16 



63 

53 

55 
55 
55 

57 
5G 
64 
60 



Shortly titer diuaer. 
Refote driokiiv tea. 



Jwt sftar niaa. 
Just itfter biwUbl. 
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Daring the whole period, I have almost oomtantly tried the temperature under the 
tongue on rntng and before going to rest, and in many instanoet in the middle of the 
day, between 2 and 4 p.m., when the eircumstaiices were farourable. These obser- 
vations I shall give in tUtnil in tables appended} bere It may be sufficient to notice 
tbe mean of each month's obiter vatiuos. 













Mm. 












Mitumardr 
























gfnan. 






7 H A '.1 


'■ 1 y-U. 


12 I'.ji. 




1 P.M. 


— 

\ > I'.ii. 


7-H KM 


:i f r .M. 




12 r.M. 


7-n A.M. 


^-^ r u. 


12 P.M. 


August .... 


<)8-7 


9»-S 












13-1 


. 


6! 




fi7 


Septeraber 




98-9 


98-0 


59-3 


.■jr.--.' 




lO-.'i 


15 


15-4 


66 


r:i 


f, J 


November . . 


y»-9 


98-6 


97-9 


57-8 


57-li 




16-7 


171 


15-8 


51 


4H 




December .. 


98-7 


98-2 


97-9 


58-9 


55-2 




1.V7 


16 


15-4 


42 


47 


60 


January .... 


98-8 


9807 


97-9 


o8-7 


S9-3 


S7-9 


15-5 


15-3 


151 


45 


55 


fio 


Febru&ry 


9H-6 


98-6 


97-9 


55-5 


64-4 


52-3 


15-5 


15 


15-1 


42 


4U 


61 


Mirdi .... 


98-74 


98-59 


97'93 


S7 


S3 


64 


l&'l 


15*1 


16 


1 *^ 


54 




April 


98-66 


98-47 


97*B8 


86*S 


Mr9 


6»6 


18*4 


18 


14-B 


84'6 


69'8 






9«-74 


98*80 


97*9« 


S7'6 




54-7 


15-C 


15-4 


15-2 


50-9 


64-7 


62 



Diii iiifj; this period, cotnprising ei^'lit months, the heullh of tbe observer (aged fifty- 
five) was pretty good, almost uiiiiitet riiprcdly so, excepting in December and January, 
when he experienced iligfat Inrobago, not preventing tbe taking of exercise ; and for 
a few days in November and January an attack of eatarrli in a mild form. 

As I wish to be as concise as possible, I shall comment very little on tbe results of 
tbe summary of observations. They seem to prove in a decided manner that the 
temperature under tbe tongue, when under no disturbing intlucnce, is about it.s maxi- 
niuiu after waking after the repose of the night ; that it coDtinueK high, bat fluctu- 
ating more or less (probably owing to disturbing circumstances) till towards night, 
foil; and that it is lowest about midnight. U» lowness at the last- mentioned time 
is the more remarkal)b-, as tbe tcmperattire of the room in wbieb tbe oliserver sat at 
night was almost uaiformly higher than of that which be occupied duriug tbe day. 

2. Cfftke VwiaHm Tewtperahart Aaiiig ^jffermi *ea»oiu ^/Aeyesr. 
The following Table exhibits the mean results of the observations made during the 
eight months, at the different periods of tbe day, both of tbe temperature under the ' 
tongue and of tbe air of the room. 





Uma tempcnture 


Air of 
room. 


August .... 


98-4 


63-7 


Septembf r . . 


98-57 


64-7 


Novfiub«r . . 


98-47 


54-3 


December . . 


98-27 


49-7 


January .... 


98-36 


53-3 


Fcbnmry . . 


98-37 


50-3 


March .... 


9s- 4 i 


8S-S 




9d-37 


88'» 



2 u 2 
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neie remlta give an average tempentare of 96*4, that of tbe air hdag about' 
6fi*S. They •how a sUght rdation between the temperatnre of the body and of tbe 
air, but less perhaps than might be expected, and less unquestionably than would 

have been exhibited under circumstances not equally favourable for tlie preser^'ation 
of an equable warmth, especially at night, in the uniform temperature ot the sitting- 
room ; and iv-ben at rest, from warm bed-clothes, and during the day from sitting in 
oold weather near a fire, and from the clothing then, as well at at nigbt, being varied 
with the degree of cold to be resisted, having in view the preserving of an agreeable 
feeling;. The effect and perhaps best sign of the happy temperate mean in some facts 
which I shall have presently to bring forward, may aid in iUnstratiog the remark 
just made. 

3. Of the Effect of Active Exercise on the Temperature. 

By active exercise, I mean that which occasions acceleration of the heart's action, 
and of respiration, and commonly a feeling of increased warmth, such as fast walking 
and riding, in contradistinction to the passive kind, as that which is taken in an easy 
carriage. 

Tbe fallowing detui exbibits tbe results of observatioas made imnedialdj after 
active eteroise, in diflbrent months and under variooa cirenmstanoes^— 





PuIm. 


Rcipin- 
ttoa*. 


Air. 


99-* 


SO 


18 


63 


99-0 


70 


16 


66 


99-3 


80 


SO 


62 


98-7 


S6 


16 


64 


99-5 


84 


18 


64 


99-1 


60 


16 


66 


99-8 


64 


18 


70 


99^ 


64 


18 


7« 


99-S 


78 


16 


49 


98-9 


6S 


18 


6S 


991 


74 


16 


S4 


99-1 


98 


tt 


3S 


99-« 


90 


17 


83 


9S-9 


56 


16 


87 




62 


. 16 


S4 


98-9 


6S 


; 16 


54 


99-0 


70 




40 


99't 


' S4 







August 15, 5 r.M. Aftfr fly-fi>biaf bf AsiivW vdSb and I 

hours . f« ft nixj hand* warm 

A«ipiist 17 F .1. After a ivalk of three railea; geutly per»piring ..,»,.. , 



****** m* 



August SO, 6 P.M. AfU:r Atbiiig five hovin; sently penjuring. . . . 
Angart S7, Ckh. After a ride (praUy liHtJ«r Iv* fldtoi M i 



Augittt fl9. S P.M. AAcr • ride (iwcttf ftit) ef ebout fouitMB odke; 

powerful; pi>rj<piring 

August 31, 18 M. ARcr a ride of tea in3ett pen|iMn* 

» powcrfuTi 



August 31i 4 r>M. AfUtr au haur walk ; ww powerful ; perapinng 
8ept«inlMWl» If H* After a walk of two koan« the lunpowerful ; penpiriog 
OetoberSS, Sp.if. Aitor sfide of tea oiilles(pNt9 mt); llMtuid hudf 



NoTeinber 16. 4 RM. After iMog two houm ■ slightlv pe wpMn g.... .... 

December SI, S raf. After riding aod walking several iMura; fcctiodhOMb 

warm 

I'ebruary 3. AHer a walk of Mventeen miles ; moderatclj warm 

March 7i 5 p-m. .*. flcr a mountuin rxcur^ion on foot for snvcral hours, and 

riding ten mile* 

^^.lrcll 20, 3 P.M. After a ride of ten mile*; feet and hand* warm 

.March 31, 1 i-.M. Attt r two hours' fiitliing ; ph'aiantly warm 

April 9, 1 P.M. After riding ten niile«; moderatel)' warm , 

April 11. 4 P.M. .\ftcr fire boun' fiahing; not heated 
April 17« • KM. After four boun' , - — 



These observations, selected fh>m a large number of ihnilar bearing, show in a 
decided manner, that aetive exerciae, not carried to the eitsnt of exhanatit^ fbtigue^ 
raises the temperature of the body ; and that tbe incrcMeis, at least within a certain 
limit, proportional to the degree of mnscnbr eurtion mnde. 
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4. Of the Effect of Carriage Exercise on the Temperature. 
The observations which loiiow, were made iinniediutely after getting out of the 
carnage, which was a ctoae one, and its windows commooly dosed i and the dren 
worn, at the time of being oat, was warm. 







Tongue. 


Pnlae. 


Betpiration. 


Air. 


Nor. 17. 1 fwu. 


AAerftdriweof Snik*. 


9^7 


t» 


18 


0 

63 


19. S *.u. 


After B driie of IS niei. 


W-7 


48 


16 


48 


25. 2 P.M. 


After a drive of 10 miles. 


970 


66 


16 


44 


27- 12 m. 


Al^cr a drire of 8 milca. 


97-6 


66 


18 


42 


30. 12 M. 


Afi r :\ ! rive of 8 milea. 


97-4 


66 


16 


44 


Jan. ^. 5 r,H. 


.A.iit;r a tirive of 7 niilea. 


97'7 


£0 


17 


32 



Feet aad Lauds root, almost cold, as waa experienced in all the preceding ioatanoea. 



These results are strongly contrasted with those given in the preceding section, 
showing the exaltiug effect of active exercise on tiie teoiperuture. i have other 
results, equally proving how gentle exercise, in a cold atmosphere, has a depresring 
elbct, whether teken in a carriage, on horsebaclc, or on foot, walking dowly. 

5. Of the Effect of Exposure to Cold Air without exercise. 

The few observations I have collected on this point, have been made the instant 
after returning from an adjoining church, iliu tcniperature of which in the cold 
weather of winter is little above tlw freezing-point, no attempt bdng made to warm 
it, and the congrqiation which assembles in it at that season bring small. 





ToBgne. 


Pnlic. 


Retpirationi. 


Air. 


N«v. 14. 1 VM. 


sH 


SS 


16 


4S 


Jaa, IS. 1 P.W. 


97*1 


SO 


IS 


4S 


FiBb. 9, 1 P.M. 


96-7 


48 


IS 


33 


M»eb 16. 1 P.M. 


96-9 


44 


16 


8S 



In each of the above instances, in spite of warm clothing, the sensation experienced 
by the oh&erver was that of disagreeable chilliness, and in the feet and hands, of cold- 
ness i a feeling of drowsiness was also perceived, as if the condition induced were an 
approach to the state 4^ temperature of a bybermiting udmal, or to that which is 
probably the prdude to the deep in the human being resulting from long exposure 
to severe cold irithont exerdse. 

6. Of the Effect of Excited and Sustained Attention on the Temperature. 

The state of mind referred to is that accompanied with exertion, such as is expe- 
rimced in composition, or in mding a work of exciting interest. 

The observations which follow have lieen made entirely at night, after from two 
to live hours of sustained attention. Many more were made by day i hut these are 
not given, as they are not so well fitted for comparison. 
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Air. 
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These observations show an increase of iciiiperature after sustained exei tion of 
mind. Thoug^h the increase is s^lifrht, yet I think it must be admitted to he decided, 
comparing the mean (98-4) with the average result of the observations (97-92) made 
at tiie mine period of the tventy-foor bonra, whea the attention was not roused, 
when it was rather In a passive indolent state, as in reading merely for amusement, 
or in the mechanical process of copying writing, both which seem to have, as is 
indeed g-enerally believed, nitlier a sedative influence than an excittng^ one; and are 
to the former very iilte what passive bodily exercise is to active muscular exertion. 

7. Of the Effect of taking Food an the Temperaturt, 

The following otiservations were made after rising from the dinner-table, at which 
the observer commonly sat don-n at 5 o'clock, and partook pretty fully, usinir a 
mixed diet, — never taking anything between the breakfast and dinner-hour, — and 
using wine commonly at the latter meal, to the extent of three or four glasses, to the 
exclusion of malt liquor. 
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The majority of these results (tlie mean temperature of the whole being 981) seem 
to prove, that the amount of heat is reduced by a full meal. In the obsemr** case, 
as in most others, drovtiness followed this meal, thus approximating the condition 
of the animal system to that which precedes sleep. On particular occasions, when a 

larger quantity of wine than usual was taken, the rtduc tion of temperature w.-is 
commonly most strongly markeci. A li^^ht meal, siicli as tluit of hreakfast, consisrinf,' 
of tea, with a portion of toasted bread with butter, and often an egg, han hud little 
effect in depressing or alterhif materially the temperature. It may be noticed, as 
rmards the habits of the observor^ in connexion with the observations on temperature 
made at a late hour, that after dinner be never took solid food, only two or three 
cups of tea, and this about 8 p.m. 



The preceding observations, j^enerally considered, appear to indicate clearly that 
the temperature of man, as determined in the inatiner ilesi riljed, is like the animal 
functions and secretions, constantly fluctuatiTi<r within certain limits ; atid like them, 
observing in its fluctuation a certain order, constituting as it were two scrms ; one 
regular, as the diurnal, connected with rest and refreshment from rest ; the other, 
casual or accidental, depending on varying circumstances of irregular occurrence, as 
exercise, mental exertion, exposure to heat, and the contrary. 

As the observations brought forward have been made on one individual, the infe- 
rences from them as regards extended application, can be held to be only probable, 
bat probable, I cannot but think, in a high degree, the average temperature of the 
observer being nowise peculiar; and the results moreover being what might be ex- 
pected reasoning on the subject, taking for data the proportions oS oxygen which have 
been ascertained to be consumed, and of carbonic add evolved in respiration, at 
different periods of the twenty-four hours, and under different circumstances. 

Should ol)ser\ation8 similarly made on others present the like results (and I 
cannot but be confident that they vvill), more particular inferences may be drawn 
from them, especially in coujuuctiun with respirutiua and the heart's action, not 
without interest to physiology; and tb^ may admit of Important practical ap> 
plication to the regulation of clothing, the taking of exercise, the warming of 
dwelling-rooms, in brief, to various measures conducive to comfort, the prevention 
of disease, and its cure. A step \u advance is made, if it is only determined, as I 
believe it to be, that in the he ilfhiest condition of the system, there is danger attend^ 
ing either extreme, either of h>\v uniform temperature, or of a high uniform tempera- 
ture, and that the circumstances which are proper to regulate variability within 
certdn limits, not prevent it, are those which conduce most to health, as well as to 
agreeable sensation, eiyoyroent and la^h of life. 

The Oaks, Amhktide, 
Mag 1, 1845. 
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Appendix. 

The Tables wbich follow, containing tlie monthly observations, require little 
•dditknal nplamtkm. It may be right to state, that they do not Include the obaer. 
vatione made under the inflnenoe of acddental dieturbing circumstanoes, aa actife 

exercise, &c., the most distinct of which have been given apart in a section appro- 
priated to them. The observations in these Tables, made under ordinan,' circum- 
stances, or nearly such, will, I believe, be useful for comparison with the former, und 
I would hope, for reference, in progress of inquiry, la most instances, it will be 
found on ea.mpari8on, that an nnneual elevation of temperature has been folloired by 
unwonted depremicm, and 



Dim. 


llMipei«tBr« ander At 
tonga*. 


PuIm. 


Rcipintioiu. 


Ttrnftntrnte U air. 




r-e<u(. 


3-4 r.M. 


I2r.M. 


7-8 A.M. 


3-4 P.M. 




7-S A.11. 


3-4 P.M. 


12 p.it. 


7-8 AJi, 


3-4 r.H. 


ItFJf. 


Aug. 6. 


98-3 


• 


9V9 














0 


e 


• 


7. 


9e« 





98*2 


56 


.... 


54 


13 


.... 


16 


63 


.... 


68 


8. 


98-6 


98'5 


97*8 


56 


fif 


58 


13 


14 


16 


63 


60 


66 


9. 


99-«t 




99-« 


60 


.... 


68 


14 


.... 


16 


63 


.... 


70 


10. 


98-8 


.... 


97-8 


.... 


.... 


70 


.... 


.... 


14 


• • ■ ■ 


.... 


70 


11. 




98-€ 


98-0 


56 


50 


58 


14 


15 


16 


68 


69 


67 


IS. 




.... 


98-0 








68 








14 








68 


13. 


98-7 


98-5 


97-7 


S« 


S8 


68 


14 


16 


16 


61 


68 


68 


14. 


98-8 


98-7 


98-1 


56 


60 


68 


15 


16 


15 


€2 


64 


61 


IS. 


98-7 




• • • • 


68 


• • ■ • 




16 






64 






IS. 


9e-» 


98'5 


97-6 


56 


50 


50 


16 


14 


15 


63 


63 


63 


17. 


98-8 


98-5 


98'1 


54 


60 


50 


15 


15 


14 


68 


68 


68 


IS. 


98-7 


98-4 


98-8 


68 


54 


66 


16 


15 


16 


GO 


68 


68 


19. 


98-8 


9b-4 


98*4 


66 


60 


58 


18 


14 


16 


60 


63 


68 




9»7 




97-9 


64 




58 


16 




15 


68 




68 


ei. 


9B<6 




98-0 


68 




56 


16 


• • • • 


16 


68 


* • » • 


€6 


99. 


990 




98*0 


66 




58 


.< 




16 


60 




68 


83. 


98-6 




97-7 


58 




52 






16 


60 




68 


i4. 


98-S 


98-6 


97-8 


58 


50 


48 


16 


16 


14 


60 


61 


68 


fft. 




98*8 


98-4 


56 


54 


60 


IS 


IS 


16 


60 


64 


66 


§6, 




• • • • 


98-1 


SS 




50 


IS 




IS 


60 




66 


«7. 


98-7 




98-3 


54 




52 


15 


■ • • • 


15 


60 




68 


S8. 


98-7 


98-8 


98- 1 


60 


54 


64 


15 


17 


17 


68 


78 


68 


99. 


98-8 




98-5 


54 


.... 


68 


16 




16 


61 




68 


SO. 


99^ 


98-8 


97-7 


68 


54 


50 


16 


15 


)6 


60 


63 


63 


31. 


98-7 




97-8 


68 




58 


16 




16 


65 




68 


9«'7 


98 6 


9b-o 


56-9 


52-5 


631 


15-3 




16 


61 


63 


67 



Digitized by Google 



1>R. DAVY ON TAB TBMPBRATUM OP MAN. 327 



Dm«. 










7-8 A.M. 


3-4 P.M. 


12 F.li. 


7-8 ik.M. 


3-4 P.M. 


12 P.M. 


7-S A.U. 


3-1 P.M. 


12r.M. 


7-8 Aoi. 


3-1 P.M. 


12 P.M. 


Sept. 1. 


98'7 


98-7 


a 

97-n 


62 


56 


56 


17 


16 


15 


67 


*7 


67 




'J8-9 


98-7 


98- i 


B4 


54 


54 


16 


16 


16 


68 


71 


68 




98-9 


98-7 


98-3 


58 


54 


54 


16 


15 


16 


70 


71 


68 




99-0 





98-1 


60 





4.y 


16 





14 


72 


.... 


70 


5. 


98-B 


98-6 


98-1 


62 


54 


60 


16 


16 


15 


70 


68 


68 




98>8 







fio 






15 




.... 


69 


.... 






98-7 


98-7 


98-2 


GO 


60 


56 


15 


16 


16 


68 


6h 


6b 


B. 


9a-H 


9S-9 




54 


60 


52 


15 


16 


16 


6t 


65 


64 


9« 


99-0 


99-0 


98- 1 


58 





50 


15 





15 


64 





64 


1 A 


99-0 






.... 


60 

.... 






15 








64 




.... 


II. 









.... 


50 




... 








.... 


67 




98-7 


• • • 4 


98*2 






50 


1.^ 


.... 


IS 


62 


.... 


64 


13. 


98-8 




98'I 


66 


53 


54 


16 


17 


16 


62 


60 


66 




99-0 


987 


9S>0 


62 


52 


50 


16 


16 


15 


61 


60 


66 




990 


99-0 


98-2 


66 


58 


54 


16 


18 


17 


63 


60 


69 




98-8 





97-9 


66 




68 


16 




16 


62 


.... 


68 


17. 


98-6 




97-7 


64 


.... 


64 


15 




16 


. 62 


.... 


68 




99-Q 





98*4 


62 





60 


17 


.... 


14 


62 




61 


IS' 


99-0 


99-0 


97-9 


64 


60 


64 


16 


16 


16 


60 


62 


63 




990 


.... 


98-3 


S8 


• • • • 


62 


15 




16 


60 


.... 


58 


si* 


99-0 





98-1 


60 




64 


16 


.... 


15 


58 




58 




99-0 


990 


98-5 


64 


48 


54 


15 


16 


16 


68 


55 


65 


s3> 


99 0 




97*7 


kR 
OD 




OX 


Alt 
JO 




1 A 






oo 




98-7 




98-3 


54 


• ■ • ■ 


66 


14 




15 


58 


« * • . 


63 


fs. 


99-2 




97-g 


58 




48 


16 




16 


6S 




66 


26. 


98-3 


99-0 


9H-3 


58 


56 


54 


16 


16 


16 


58 


58 


67 


«7. 


98-9 




9S0 


58 




50 


16 




15 


CO 




68 


S8. 


98-6 




97-7 


60 




&t 


16 





14 


69 




69 


». 


98-6 


98-9 


98-3 


54 


56 


62 


15 


16 


16 


S9 


63 


68 


30. 


i)90 





.... 


,'i 1 1 






16 






i8 








9S-6 


994 


98-0 


A9>S 






15>5 






66 


68 


65 



MOCGGZLT. X 



Digitized by Google 



am 



DR. DAVY ON TUB TEHPBRATURB OF MAN. 





TaaafanMn under tlM 




















ISM. 


7-0*.-. 




■ 


1-»AM. 


3-1 P.M. 


13 P.M. 


Sov. 1. 


a 

98-75 


98'8 


97-6 


54 


58 


.... 


16 


17 


16 


„ 

53 


0 

54 


62 


g. 


98-» 




97'7 


oO 


58 


54 


17 


18 


lo 


62 


44 


60 


8. 


99*6 


98*5 




5» 


49 


48 


16 


17 


17 


50 


55 


65 


4. 


987 


.... 


97'9 


vO 


.... 




16 


• ' ' ' 


10 


51 


• a • ■ 


66 


5. 


98-9 




97-6 


64 


.... 


52 


16 


■ . * 


16 


of 


.... 


firt 


6. 


99-2 




98-0 


6b 


.... 


58 


17 




16 






63 


7. 


98-7 


98-7 


98*a 


58 


58 


58 


16 


16 


16 


ft] 


46 


68 


8. 






97*9 


63 


.... 


54 


17 


.... 


17 


ft* 

M 


• • • • 


Do 


9* 


9«'8 





* * • ■ 


62 


.... 


• • * • 


16 






ol 


.... 


.... 


11. 


99-3 


98-.1 


97-8 


62 


61 


50 




17 


15 


52 


64 


68 


12. 


98*6 


98-7 


98*2 


60 


66 


.IS 


17 


17 


1 5 


47 


40 


65 


13. 


38*8 


98-7 


98*1 




62 




16 


17 


16 




60 


62 


14. 


9S*5 


.... 


984 


M 


• * ' • 


58 


16 


.... 


16 


51 


.... 


64 




98'8 


987 


97*9 


So 


56 


60 


16 




17 


54 


55 


63 




98-9 


9«*9 


97*7 




ox 


58 


15 


IB 


15 


00 


55 


68 


* • . 


98-7 


.... 


97*6 




.... 


52 


18 




15 


63 


.... 


66 


18. 


98'6 


.... 


.... 



984 


54 




• - • » 


15 


.... 




00 


.... 


.... 


19. 


^•l 


.... 


oO 




56 


17 


. . . 


16 


65 


.... 


66 




99*1 


« • • • 


99*1 


S6 


.... 


56 


'7 


.... 


16 


56 


.... 


65 


21 . 


98-9 


• • • • 


98'0 


60 


.... 


58 


17 




15 


55 




62 




99'0 




98-0 


60 








.... 


14 


65 




66 


3(3, 






98*2 


€0 




62 






16 


S3 




66 


M. 


990 




9am 


58 




tt 


.. 


.... 


16 


52 




64 


tt. 


99'S 


• • . > 


98"l 


5e 


.... 


56 


"» 


r * r ■ 


16 


48 




60 


26. 


98-8 






54 


• ■ • • 


56 


15 




15 


44 




60 


27. 


98-7 




97*4 


60 




50 


16 




16 


43 




62 


28. 


98-6 


.... 




54 






17 






48 






99. 


99-2 




98*8 


54 




60 


16 




17 


49 




64 


•0. 


99-0 





97-4 


54 




56 


»7 




16 


46 




68 




9«-9 




97-9 


57-8 


57< 


544 


16*7 


17*1 


15*8 




48 


64 



Digitized by Google 



OR. DAyr ON TBB TBMPBRATURB OF SIAN. 



389 















S-lv.li, 


12 r.M. 


7-S A.H. 


- — 


tZp.li. 


7-8 




IS KM. 


A.M. 


3-4 *Mi lSp.ir. 


IMC' i> 


ft 

98-7 


98-6 


98-3 


62 


68 


60 


'7 


16 


16 


e 

50 


54 


^4 






.... 


.... 


S4 


.... 


• • • • 


16 






48 


.... 




.... 


» 


« • • > 


* « • • 


970 






mi* 




■ ■ • « 


18 


.... 


• ■ ■ • 


69 


A 




98^ 


97'7 


5d 


68 


68 


10 


19 


16 


44 


32 


58 


e 
«• 


98-7 


.... 


98-2 


is 




68 


16 


.... 


16 


40 


.... 


62 


e 

9» 


989 


97-8 


98'3 


56 


56 


60 


16 


17 


16 


3K 


43 


60 


7- 


W-6 


98*0 


98>8 




54 


60 


15 


16 


14 


36 


47 


62 


a 


98-5 


98-4 


98* 1 


66 


50 


64 


lo 


16 


16 


38 


43 


60 


IVi 


»^ 


98*9 


97-9 


56 


54 


09 


1« 


16 


16 


40 


44 


62 


1 1 


984 


.... 


* • ■ • 


58 




.... 


16 


.... 




40 


.... 





IS 


98-« 


.... 


98-5 


58 


.... 


.56 


17 


.... 


15 


39 


.... 


64 


J ^> 


98-4 


.... 


97-9 


60 




68 


16 


.... 


16 


40 


■ a • ■ 


68 


1 K 


990 


98*€ 


98-3 


63 


64 


M 


18 


15 


16 


42 


48 


69 


Ifi. 


91^ 


9^9 


98-1 


66 


M> 


6* 


16 


.5 


16 


42 


58 


60 


*#• 


9W 


97*7 


98*0 


60 


SO 


58 


15 




14 


45 


88 


64 


18. 


98-7 


.... 


98*2 


60 


.... 


58 


15 




16 


45 


.... 


69 


14. 


98*8 


.... 


.... 


58 




.... 


15 


.... 




45 


. . a . 


• • « • 


SO. 


98-8 


98-0 


97-6 


64 


56 


54 


15 


16 


15 


43 


43 


66 




98<6 


.... 


98*2 


58 


.... 


50 


16 




15 


43 


• • • « 


88 




98*8 


98*4 


97*8 


52 


52 


62 


16 


15 


14 


43 


60 


66 




9a-9 


.... 


97-9 


60 


.... 


64 


16 


.... 


16 


43 




62 








yo » 


vV 


.... 


64 


1 V 


.... 








65 


95 


99^1 


... a 




60 






15 




.... 


43 








98*8 


98^ 


98-3 


58 


64 


52 


16 


17 


18 


41 


34 


8ft 


•7. 


98*5 




97-7 


58 




66 


16 




16 


48 


« • • ■ 


*« • p 


88. 


99-3 


98-7 


97-3 


66 


58 


62 


16 


16 


13 


41 


53 


65 


99. 


98-£ 


98-6 


98*0 


50 


62 


66 


16 


16 


16 


45 


68 


55 


30. 


98*8 


98-9 


97-3 


60 


62 


66 


16 


16 


16 


43 


68 


58 


SI. 


98>» 


• • • • 


98*0 


38 


• ■ ■ • 


• • « . 


16 


• • • « 


• ■ * ■ 


43 




66 




98-7 


98'S 


97-9 


58-9 


55'2 


64*6 


1*7 


16 


154 


42 


47 


60 



3x2 



Digitized by Google 



DR. ilAVr ON THE TBXPBRATURB OF MAN. 







Mm. 




T«Bp«mMic«f air. 


7-6 A.ii.'3-4 P.M. 

1 


12 r.M. 


7-8 A.M. 


S-4P.M. 


12 P.M. 


7-8 A.M. 


S-i F.M. 


12 P.M. 


;-8 A.M.'S-4 P.M. 


12 r-M. 


Jan. 1 • 


98*5 


• 


97S 


58 




58 


16 




IS 


40 






X* 


D8-4 






54 




.. . 


'! 


.... 




42 






9 

9m 


99-0 


, , , , 


97-9 


64 




58 


16 


.... 


17 


42 


.... 


55 




98-8 


. • • ■ 





66 


.... 




17 


.... 


16 


48 







■ 


99-1 




98-7 


64 


60 


18 





16 


46 


.... 




D> 


99-7 


■ > t • 


98-1 


70 1 . . . 


66 


18 





• « • • 


48 


.... 


t>6 


/• 


lOO-O 


98-9 


98-1 


72 


60 


52 


18 


17 


16 


SO 


58 


65 


A 

e> 


99-1 




98-1 


6* 




56 


16 





1» 


49 




68 


n 


99-0 




98-3 


60 




60 


16 




16 


46 


.... 


6] 


1 A 


99-1 


98-6 


98-3 


60 




54 


)6 


15 


16 


46 


53 


6o 


J J ■ 


98-7 




97-4 


&6 




58 


14 


.... 


14 


*7 


.... 


60 


I»« 


98-7 


.... 


980 


54 




€9 


14 







47 


• * • ■ 


64 




99^ 


98-7 


98-1 


52 




62 


16 


14 


16 


46 


53 


61 


11 


99« 




97-9 


56 




60 


14 





15 


■If; 




65 


,c 


98-8 


■ • . ■ 


97-7 


68 




56 


14 





16 


47 




64 


io< 


98-7 


.... 


97-7 


50 




60 


.6 




16 


47 


.... 


62 


It 


98-9 


.... 


98*1 


54 




«0 


15 


.... 


14 


47 


.... 


62 


IB 
18. 


98-9 




98'2 


60 




58 


15 





14 


47 


' . f . . 


55 


1 .1. 


98'8 




97-8 


60 




56 


" 


.... 


15 


47 


.... 


60 


zO- 


98-8 


.... 


98-0 


56 




54 


15 




14 


44 


.... 


60 




98-7 


.... 


97-9 


58 




62 


16 




16 


44 




63 




9*88 




97-9 


60 




50 


16 





14 


47 




63 


ao*, 


98-8 







56 






16 






47 


.... 






98*9 




97*3 


58 




54 


15 




15 


49 




09 




98-6 


.... 




54 






IS 






47 






86. 


98-6 




98-1 


68 




62 


15 




16 


48 




66 


«. 


98-7 




97-9 


68 




84 


10 




14 


45 




62 


S8. 


99-0 


.... 


97-6 


6« 




58 


15 




15 


43 




62 


«9. 


98*6 




97-9 


56 




56 


15 





15 


42 




60 


SO. 


98-5 




98-e 


56 


.... 


58 


14 




15 


41 




60 


SI. 


98-8 


|.... 


97-9 


60 




62 


16 


.... 


16 


38 




62 








97-9 


58'7 


59<3 


571) 




U4 


16*1 


4ft 


M 


60 



Digitized by Google 



DB. 0AVY ON TUB TKMPBRATURE OF UAJI, 381 



Uaie. 




fwim. 






7-8 A.U. 


3-4 r.M. 


12 P.H. 


7-8 A.M. 


3-4 i-.M. 


12 r.H. 


7-8 A.H. 


3-4P.M. 


12 P.M. 


7-8 A.M. 




It P.H. 


Feb. 1. 


98-8 




97-5 


60 




52 


16 


.... 


16 


39 


. 


Fr 

62 


i. 


98fi 


98-7 


.... 


60 


52 





16 


14 





38 


48 




3. 


98-7 





.... 


60 








16 






41 






fi. 


98-6 


.... 





64 





.... 


18 














G. 


98-8 


• • • ■ 


97-9 


56 


.... 


54 


15 





15 


43 




60 


7- 


98-5 





98-1 


56 




62 


14 




15 


39 




60 


8. 


98-9 


- . . . 


98-0 


52 





54 


16 




16 


40 





60 


9- 


98*1 




97-9 


52 


56 


54 


14 


15 


15 


38 


60 


61 


10. 


98-7 


98-9 


97-7 


54 


58 


52 


16 


15 


15 


40 


48 


60 


11. 


98-7 





97-7 


56 





64 


16 





15 


40 


.... 


60 


IS. 


98-7 





98-2 


50 





68 


14 





16 


40 


.... 


60 


19. 


98*4 




98-2 


50 





54 


15 


. 


15 


40 


.... 


60 


14. 


98-S 




97-8 


50 


54 


64 


17 


15 


17 


41 


«9 


as 


15. 


98-8 




97-6 


54 


.... 


54 


17 


.... 


.5 


43 


.... 


60 


16. 


98-6 


98-7 


98-1 


54 


52 


62 


15 




16 


43 


48 


62 


17. 


98-5 


.... 


98-2 


54 


.... 


50 


16 


16 


15 


44 




GO 


18. 


990 


.... 


98-2 


58 




66 


16 




16 


45 


.... 


60 


19. 


98-7 


.... 


97-7 


St; 




48 


15 





16 


44 


.... 


60 


eo. 


98-7 


.... 





52 








15 







45 






21. 


98"8 




98*1 


52 




58 


14 




15 


45 


.... 


60 


22. 


99-0 




97'4 


60 




60 


15 




16 


44 




62 


M. 


98-6 




98*3 


58 




52 


15 




15 


43 




62 




98-3 




97-8 


58 




54 


16 




16 


42 




62 


S£. 


99-0 




97-9 


56 




50 


15 




15 


43 




62 


86. 


98-3 




98-0 


56 




60 


16 




14 


46 




62 


27. 


990 




97*8 


58 




52 


16 




14 


47 




62 


i8. 


98-7 




96'5 


54 




60 


15 




16 


47 




60 




98-6 


98-6 


97-9 


55-5 


54-4 


52-3 


15-5 


15 


151 


*» 


48 


«i 



Digitized by Google 



S92 DR> PAVr ON THS TBMPBRATURB OP MAN. 

















■ 






1 












liertlic 




Mm. 




lU-spintin.'M. 


Tesnpeimiure of air. 




7-4 AM^i-A r Jf.| 18 p-M. 


. 

7-8 A.M. 




12 P.M. 


? H A.M. 


3-4 I- u 


12 r.M. 




i-4 TJt. 


12 r.w. 


Injircj] i* 


'J9-0 


9a-€ 


97-6 


5)i 


56 


58 


16 


16 


lo 




5. 


60 


a 


99-1 


98-7 


97-9 


58 




46 


16 


15 


lo 


44 


99 


Ml 


3. 




• • * • 


98'fi 


52 




56 


15 


• • * • 


15 


47 




vv 


4. 


99-" 


98-3 


98-0 


60 


54 


54 


15 


IG 


15 


45 


AO 

as 


M 








9fi-0 


5S1 




66 


17 




15 


43 




ov 




99-0 




98« 


60 




54 


lb 


.... 


15 


4.S 


.... 


vW 


7. 


99^1 




98-» 


60 




64 


14 


.... 


15 




.... 






.... 


9»'l 


60 




60 


16 


« . * • 


15 


4ft 


. 


DO 




99 1 


98-7 


98-0 


60 


48 


54 


1 5 


1 5 


15 


48 


54 


oo 


10. 


99-0 




97-5 


60 




54 


16 






A D 

48 


.... 


dn 


u. 


98-8 


.... 


97-9 


£6 




48 


15 




14 


47 


.... 


dC 


IS.' 98*4 


.... 




a . . . 


56 


16 




14 


47 






IS. 99^ 


.... 


9M 


C« 


■ 


« 


15 


.... 


19 


At 

43 


.... 


Dl 


14. 


98-6 


.... 


97-9 


.54 




4G 


14 




1 4 


44 




Oo 


15. 


98-2 


.... 


97-5 


S4 




60 


14 




14 


4X 


.... 


OX 


16. 


98-7 




98-1 


58 




62 


15 




14 


A Q 

43 




OS 


17. 


98.6 


.... 


98-0 


60 




5S 


15 




16 


40 




CO 

OS 


18. 


98«S 


98'7 


96^ 


68 


58 


48 


15 


15 


15 


A 1 

43 




An 




98'5 


.... 


98-4 


66 





54 


14 




1 5 


43 




oo 


.0 


98-6 


.... 


97-5 


54 




54 


15 


.... 


15 


42 




Rn 
OU 


«1. 


98*8 


98-6 


98-1 


54 


50 


50 


14 


14 


14 


AM 

44 


CO 

53 


OO 


«. 


99-0 


98-5 


97-8 


£6 


54 


54 


15 


15 


18 


48 


58 


DV 


23. 


99-0 


• • • • 


97-8 


58 




52 


15 


.... 


14 


50 




ft 
ol 


84. 


98-7 




98-0 


58 




48 


15 




13 


63 




58 


U. 


98-4 




98-0 


54 




48 


14 


.... 


14 


52 




60 


96, 


90*4 


♦ • * • 


9*« 


54 




60 


15 




15 


51 




62 


«7. 




■ • • « 


97*8 


60 




52 


15 




16 


62 




64 


2J*. 


98-7 




98-3 


54 




54 


)fi 


«... 


15 


60 


.... 


fi4 


29. 


98-7 




97-3 


66 




54 


14 




14 


50 




65 


30. 


98-6 


98-6 


97-8 


55 


52 


48 


15 


15 


15 


51 


54 


69 


SI. 


9M 


• • • ■ 




54 




! « 


15 


• « • ft 


15 


61 




63 




98-74 


9M» 9?^ 


57 


5S i 54 

1 


15*1 


15*1 


15 


4« 







Digitized by Google 



OR. DAVY ON TUB TBHPBRATURS OF MAN. SSS 



Date. 


Tenpenttu* under (be 










7-8 A.J*, 


a-4 r.M. 


12 r.M. 


7-8 A.M. 


3-4P.M. 


12 P.M. 


7-8 A.M. 


S-i r.M. 


12 r.M. 


7-« A.M. 


V4P.M. 


12 rM. 


April 1. 


« 

98-3 


« 


95-0 


&8 




58 


16 


- • « • 


16 


53 


c 


62 


2. 


98-7 


98'8 


97-7 


58 


58 


52 


16 


16 


15 


63 


62 


64 


3. 


98-8 




97-7 


56 


• • • • 


48 


16 


* • ■ • 


14 


55 




62 


4. 


98-8 


■ • . . 


97-8 


64 




60 


16 


• • * • 


14 


58 


• . . . 


64 


S. 


98-9 


• ■ > ■ 


98-1 


60 


• • • « 


64 


15 


. ♦ . * 


'« 


» 


• • • • 


64 


6. 


99-3 




97-9 


62 


60 


60 


15 


16 


15 


66 


61 


62 


7. 


98-8 




98-2 


64 


66 


66 


14 


16 


16 


68 


61 


63 


8. 


98-5 


• • • • 


97-9 


66 


• • - - 


66 


16 


• a » • 


15 


68 


• • • • 


61 


9. 


98-6 




98' I 


68 


• ♦ ■ « 


58 


14 


* • * « 


IS 


64 




62 


10. 


98'5 


98-3 


98'0 


69 




69 


14 


14 


IS 


62 


62 


63 


11. 


98-7 


• • » • 


97"6 


60 


. . . - 


84 


14 


• • . . 


16 


61 


» . • • 


63 


IS. 


98-4 




97-9 


S6 


■ . • B 


80 


16 


.... 


15 


49 




69 


IS. 


98*5 


98-7 


97-6 


64 


84 


84 


IS 


IS 


IS 


49 


65 


60 


14. 


98-7 




98-« 


66 


• • • « 


84 


16 




14 


62 


.... 


60 


IS. 


98-6 


70 0 




56 


60 




16 


14 




49 






16. 


98-4 




97-7 


58 




52 


16 




15 


62 




62 


17. 


98-8 




97-8 


66 


• ■ • • 


60 


15 


• ■ • • 


14 


56 


.... 


68 


18. 


98*4 




98-1 


60 


84 




16 


16 


IS 


60 


60 


66 

WW 


1$- 


98-7 


98-6 


97-6 


60 


fit 


50 


16 


16 


15 


58 


60 


62 


M. 


98-7 


■ • • > 


98-3 


68 


• • » ■ 


54 


15 


I • • • 


15 


60 


.... 


64 


81. 


98-7 


• ■ ■ • 


97-3 


68 


.... 


66 


16 


• • ■ • 


13 


60 





62 


22. 


98-4 


98-1 


980 


60 


66 


50 


16 


15 


15 


62 


65 


64 


23. 


98*5 
98*7 




97-7 
97*7 


66 




84 


16 




IS 


69 




62 


M 


96*9 


U 


AS 


52 


16 


16 


15 


64 


64 


66 


26. 


98-6 


98*4 


97-9 


64 


62 


52 


16 


16 


16 


66 


63 


6i 


26< 


99^ 
9M 




98-0 
97-9 


68 




60 


16 






62 




62 


«7. 


• ■ • • 

98*8 


64 


58 


80 


16 


14 


16 


60 


• • ■ • 

87 


63 


28. 


98-6 






58 




• • • « 


16 




• « ■ p 


88 






29- 




98*3 


98-2 




64 


62 




15 


15 




60 


64 


30. 


9«-9 


98-7 


98-2 


68 


56 


48 


14 


16 


14 


68 


68 


66 




9B46 


9«"«7 


97-88 


S6-i 




8»6 


16^ 


18 


14*8 


644 


*9< 


^1 



Digitized by Google 



[ 336 ] 



XV. Omiributhiu A> the Ckemutry qf the Urine, Om ike Fori^em m ike AUtaUne 
mid Earihjf PhupkaUe in the HeaMgf State, and em the Jlk^etceaee ^ihe Urine 
Jrvm Fixed AOtaU^. Bff Himnr Bbwcb JoNik, M,A^ Caxtah^ Felloie of the 
CeUege t^P^dam. CbmrnuniaUed fty 8. HuNnft CBMsns, See, ILS. 

Rcenvad Jiamiy 29.— RMd Jvm 19, 1845. 

On the Farmtwae 4^ the Ear^ and AUu^me PhMpkateg in a healtfy Hate ^ Urine. 

Having observed tbe occnrrenee of a great excess of earthy phosphates in the 
urine in some cases of disease, and having made frequent examinations as to tbe 

quantity present on successive days, I found so great a discrepancy, that it became 
necessary before any further progress could be made to ascertain tbe variations in 
the amount of eartliy phosphates in tbe urine of a healthy man, and, if possible, to trace 
tbe causes which determined the presence of an excess or de6ciency of these salts in 
tbe urine. At the same time It was thought desirable to note tlie variations which 
the alkaiiae pbospbutes presented in tbe same water, and to see if they were influ- 
enced by the same, or by different causes. 

A heaUliy man takiiit; food twice daily, with moderate exercise for three hours, was 
the subject oi the following experinientti. The method followed was to take the 
specific gravity of the nrin^ if ever it was not strongly acid adding a drop or two of 
hydrochloric add. Then from a weighed qnan^y, osnally ahoot 1000 gndna, to 
precipitate the earthy phosphates by means of pure ammonia, to filter, wash with 
ammoniacal water, and heat them to redness, adding at last a drop or two of nitric 
acid. Thus tbe earthy phosphates were determined. 

Tbe allcaline phosphates were etitiiuated by taking usually about SOOgi-ains of urine, 
adding an excess of chloride of cidciam and then pore ammonia : by this means all 
phosphoric add was precipitated as phosphate of lime ; this was filtered, well-washed, 
and heated to redness with nitric acid ; by deducting tiie ))ieviously determined earthy 
phosphates, the ditfcrenee was considered as alkaline phosjihate*. 

Though neither the calculation nor the method were perfectly accurate, yet they 
answered well for the purposes of comparison ; and in disease tbe short delay before a 
lesult was arrived at which might determine tbexliagnosis, and sometimes the treat- 

* The fomntioQ of a small quastity of carbonate of ammonia and the prcciintation of tome tulpbatc of 
lime, «1u«1i «v«B lon^ w»Mag eumot mtirdj nmove, nwkie lite remit tao hi^. Hie equinlent of lime 

being ten thvin that uf sodn tciid> to reduce t)ie error. Itnmt be itmciBlwted thttthephMpbotk icidfa JN^ 
cipitated in combinatioD with three equiraleaU of lime. 
MDCCCXLV. 2 Y 
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ment, was a matter of considerable importance ; a few Itours being usually all that 
were required to tell ia what eicMe or deflciency the phospbalee nigbt be preeenl. 

I. (1 .) Bnakfrtt on bread and meat with eoXtteaX Q| o'clock. Dbmer at 6 : meat, 
potatoesy and little bread. 



Earthy phosphates. 


Spec. gr. 


Alkaline ptimpnaiBt. 


Water imimwH 6i o'dock. evening *8S iter 1000 urine 


1093'8 


6*50 per 1000 nrinc 


10 o'clock, cveainr *97 


1037*8 


6*46 


6 o'clock, morning '81 


1017*4 


4*01 


(2.) Food as before. IVIort; exercise. Dioner at 7. 






7 o'clock, eveninff ''67 


1027*2 


7-26 


11 o'clock) evening 1*33 


1089*9 


6*06 


5 o'clock, morning 1*41 


1036*6 


9*04 


in \ VimmI m IipIah* Still niAve nxerciiB. 

lO.I ^IMIU OB UCIUVm WWII UIVAv wAVaiM^V. 






7 o'clock, evening '7^ 


J0280 


RIO 


12 at night 1-29 


1025-5 


6-67 


(4.) Food as before. Exercise very great excess. 






7 o'clock, evening *31 


1038*3 


8-38 


1 at nigbt 1-86 


1034*8 


SiM 


(5.) Food as before. Exercise much less. 






7 o'clock, evening *35 


1029-3 


775 


1 at night I'Ol 


1033-2 


4-72 


AvcrBgc racaji of five duys. Long after food, and soon after exrrcisic. 


Soon 


after food with perfect r*iit. 


Spec. gT. 




Spec. gr. 


Ear thy phosphates '40 per 1000 urine I02; <J 


1 45 per iOOi) urine 1030 0 


AlkiiHne phosphates 7*56 1027-9 


5-77 


10300 



From tbiif five days' experiment, it appears that the earthy phosphates are greatly 
increaaed in the water secreted soon after food ; tbe quantity varying after dinner 
firom 1*91 per 1000 urine, speeiio gmvity 1088*3, to *07 par 1000 urine, ^ecific 
gravity 1027*3 ; the mean of all tbe experiments being 1*46 per 1000 urine, specific 

gravity 1030 0. 

The earthy phosphates fsrc far less in the water secreted a iong time after food; 
the quantity varying Irotii 21 per 1000 urine, specitic gravity 10-28*2, to '75 per 1000 
urine, specific gravity ]028'0: tbe mean of all the experiments being '40 per lOOO 
urine, specific gravity 1037*9. 

The aUcaline phosphates are in excess in the water secreted a long time after food 
and <;oon after exercise ; the quantity varying from 8*10 per 1000 urine, specific gravity 
iu2H'0, to G'oO })er 1000 nrine, sjiecific gravity 102*2 H; the mean of ail the experi- 
ments being 7'56 per 1000 urine, specific gravity 1027*9. 

The allcaline phosphates are fiir less in the water secreted soon after food ; tbe 
quantity varjnng from 0*67 per 1000 urine, specific gravity 1036*6, to 4*73 per 1000 
nrine, specific gravity 1033-2 ; the mean of all the esperiments being 6*77 par 1000 
orin^ specific gravity 1030'0. 
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(6.) A ehUd tmty nontha oM, fed <m bnAd witb mm» meat atid n&k, gave in 
die water pueed dnrinf the day,^ 

Earthy pV ri-;;il-;ii '8. BpM.gr. Alkaline phwphatM. 

-32 per 1000 urine. lOM 4'OOper 1000 urine. 

(7.) On the same food. 

£«th)r photphatea. Spec. gr. Alkaline phoapbatei. 

'as per 100 nrine. 10I7'4 4*60 per 1000 urine. 

11. I next endeavoured to ato^rtaio on what tbe variatkoii depended, and fint with 
regard to food. For three coneecutlve days bread alone was taken vith water, tea 

and wine, at the same hours as in the prevtous eoperfiuente. 
(8.) The first day brown bread only. 

Earthy pbogphatcs. Spec gr. Alkaline p5i: vli 't" 

o'clock, evening 27 per 1000 urine 10257 7-89 per louu urine 
11 at night. 1*37 lOSO'O 6*89 

(9.) The secoud day no analysis was made. The third day white bread only. 

Earthy phoaphatea. Spec. gr. AlkaljjM phoapbatea. 

0 o*etock, evening -87 per 1000 urine 1024*7 8*19 per 1000 urine 
11 o*elock, eveniiig 1*80 1032*1 5*66 



(10.) Meat only waa takm for three days with water, wine, and tea. First day 
exercise very little. 

Earthy pho"pV<R»?>s. Spec. gr. Alkaline phosphRtes. 

6 o'clock, evening -42 per iOOU urine 1034*3 4*04 per 1000 urine 
11 oVloek, evening Ml 1091*9 4*91 

(11.) The secoud day no analysis was made. The third day exercise rather more. 

Eardiy phcwphatM. Bpec. gr. AllaUae pboaphalca. 

6 o'clock, evening '48 par 1000 nrine 10247 5 06 per 1000 urine 

U o'clock, evening '81 1024*8 4*31 

(12.) Meat only for dinner with distilled water, and tea with distilled water. 

Earthy phosphates. Spec. gr. 

5^ o'clock, evening 33 per 1000 urine 10257 
9J o'clock, evening -67 1026*8 

From the comparison of these numbers with the previously given average, it ap- 
pears that the earthy phosphates are not material^ inflneoeed by a diet 4^ meat or 
diet of bread » that th^ are in excess after either is taken ; and that even when animal 
food and distilled water alone were taken there was after food a dedded inciease, 

though the qnuntity was considerably below the average. 

That the alkaline phosphates were in excess when bread alone was taken for food ; 
and wheu meat alone was taken there was'a coneklerable fiUling off in the amount 
excreted. 

2r3 
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, The next point was the eflfeet of exercise. 

(18.) Nothing was taken from dinner on theprevioua day to dinner this dpy; both 
meals consisted of mixed diet of mcat» bread, and potatoei. The exercise wae mo- 
derate, between three and six o'clock. 

Eaithj pbcupbatc*. Spec. gr. Alkalioe pluMphatc*. 

12^ o*chiek '45 per 1000 nrine 1025*1 2*05 per 1000 urine 

3 o'clock '48 1028*0 2-93 

6 o'clock 1027'llotai pbos. per 1000 nrine 4*77 

lOi at night 102 I0'i7-6 3*99 

(!4.) Nothing was taken since dinner on the previous day until dinner at siX} 
mixed diet with more bread. Exercise also greater between 3 and 5^ o'clock. 

Earthy photphatea. Spec. gr. Alkaline phoaphatea. 

3 o*dock '86 per 1000 nrine 1095*4 5*89 
8 o'clock 1027*1 total phot, per 1000 nrine 778 

10| at night 1-37 1033*5 5 50 

(15.) Nothing" was taken since dinner on the previous day, which consisted of meat 
only, with distilled water and wine. Very strong exercise was taken between 3 and 
the pulse always above 100. 

Earthy pbotphatea. Spec. gr. Alkalloe {dioapbatea. 

11| o'clock '52 per 1000 nrine 1032-9 3*04 

3 o'clock '88 1026-9 4 36 

5 1 o'clock 1028 9 total phos. per 1000 urine 6-81 

Jn thf^e f'X|)criment.s, the water, which vvn«^ scrrcted longest after food, \ras not in 
sufficient quantity to admit of the detertuinatiou uf the earthy as well as alkaline 
phosphates. In all the experiments which were previously made, the exercise was 
always most between 3 and 8 o'clock, and yet at this time the earthy phosphates were 
always present in ^rnallcst quantity ; so that the qoantity of earthy phosphates does 
not appear to be quickly influenced by exercise. 

The total quantity of phosphates which was found in the water se( i t tcd lonrfst 
after food, and during strong exercise, was about one-third more than the total 
quantity prerioosly present. This condderahle incfcase so long after food, leads to 
the conclnrion that the amonnt cf alkaline pbospfaates Is Influenced by exerdse, 
though, as appears from ttic previous experiments, not to the same extent as by the 

kind of food which is taken. 

III. I pass now to the influence of different medicinal substances on the amount of 
earthy piiosphates excreted. 

(18.) Breakfast as before, at 9 o'clock. 15 grains of chloride of calennn taken 
in about an ounce of distilled water at 8 o'clock. 

Earthy phoaphatei. Spec. gr. 

3 o'clock -30 perlO&O urine 10246 
5|o'ck>ck *23 1018*4 
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(170 Experiment repeated, 

Eutlij pluMpfafltM. Spec. gr. 

3 o'clock '67 per 1000 nrine 1024-4 
5^ o'clock -52 1020*8 

(18.) BreakfiMty bread only. 22 grains of chloride of calcinm taken at ^ to 1 

o'clock. 

Earthy phosphatei. Spec. gr. 

I to 1 o'clock 1*18 per 1000 urine 1028*6 

3 o'clock 108 1035*2 

(19.) Breakfast, bread and meat. 36 gn. of chloride of cakHam in 1^ ounce of 

water at ^ to 1. 

Earthy phosphates. Spec. g;r. 

i tolo'doek l-as per 1000 nrine 1026*8 

3 o'clock 1-26 ^ 1023*8 

!i\ o'clock 1-08 1022*3 

lOi at night 1*82 1030-1 

(20.) Breakfast, bread and meat. No chloride of calcium taken. Dinner as before 
at 6, chiefly meat. 

EartLv pbotphilM. Spec. gr. 

3 o'clock '60 per 1000 urine 1027-4 

6 o'clock '36 1027*0 

11 at night *97 1032 7 

FVom these experiments ift gn. of ehlorido of ealoiun in nn onnea of water pro- 
doecd no, or very littl^ eflhct in two bonis and a half; 33 grs. in mther more water 

produced an Increase in two hours and a quarter; 30 grains produced a Still more 
marked increase in the same time, and the effect continued to be perceptible for a^ 

least ten hours. 

(21.) BtL-akiastus before, with rather more meat. 30 grains of dry sulphate uf 
magnesia were taken at I o'clock in about an ounce and a lialf of distilled water. 

Earthy phocphates. Spec. gr. 

1 o'clock water '82 per 1000 urine 1026 C 

3 o'clock water 27 1026 0 

5 J o'clock water -36 1025 8 

(22.) Breakfast at 9 as formerly. 40 grsuns of dry sulphate of magnesia taken ia 
about two ounces and a half of water at a i to 1 o'clock. 

Earthy pliosphatea. Si>ec. gr. 

\ to 1 o'clock water '88 per 1000 urine 1U2<) 3 

3 o'clock water '74 1031*0 

o'clock water '90 1029*3 

9| o'clock water 1-64 1089*8 

(23.) A patient of Dr. Sbtmovr's in St. George's Hospital bad taken senna with 
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alMut tvo drachms of sulphate of magneiia Id tha moniiiig', whidi did not aust on the 
boweb; at 12 heef-tea and bread. 

Earthy phosphate*. Spee. gr* 

3 o'clock 2-99 per 1000 unoe 1027*6 

A second experiment with the same urine, at the same time^ fave nearly the eame 
result i the alkaline pboephaCes were only 1*45 per 1000 nrine» specific grarity 1097*0. 

(94.) Another patient of Dr. Sbymour*s in St. Qeorge*8 Hospital, who bad taken 
senna and salts in the roominj^p with beef-tea and arrowwioot for dinnefj gave 

Euthj plKmhatM. Spce. gr. 

2-08 per 1000 nrine 1020-2 

The quantity of siilpburte acid present in this urine 

^3*21 per 1000 urine, specific graTity 1026*9 
The amount given by Becqubrul is ss *05 1018*0 

The quantify ?(:ited by Becquerkl is however below tlip average. 

From tlitse experiments, yo grains of dry sulphate of magnesia in an ounce and a 
half of water produced no, or very little, effect in two hours. In four hours and a 
quarter the eflhet was distinctly vidble. 40 gnUns bt two ounces and a half of water 
produced n ^ble tSSoct in two boon and a quarter, and a still more mnrimdeAct in 
four hour^j und three quarters. The elEect continued to i>e perceptible fbr Of hours 
after the medicine was taltcn. 

As compared with the previous experiments, though the quantity taken appears to 
have been more, the effects seem not to have been so strongly marked hut in fact 
less of the base was taken in the bwt than in the previous set of experiments, ibr 
80 grains of chloride of calduro ate equivalent to 1 5*1 grains of lime^ 
40 grains of sulphate of magnesia are equivalent to 13*6 grains of magnesia. 
As sulphate of magnesia is one cause of increase in the amount of earthy phosphates 
precipitated by ammonia, and as this suit aUo inteifercs in analyses regarding the 
quantity of sniphnrie add whIdi thrown out of the system, any means of knowing 
when it has been |^ven as a medidne may be valuable. Moet fiequently it Is pre- 
scribed with infusion of senna, which comnumicates a greenish yellow ookrar to the 
urine. This roloiiring matter, whether it has passed through the system or not, I 
find hiis tilt" ]H u]M rty of becoming of a dt rp red on the aihlifion of an excess of any 
alkali, tiiougii it is most bright with auiiuuuia. The red colour disappears again on 
neutrdising the alkali by an acid. It has a strong affinity ibr phosphate of lime. If 
rhubarb is taken, a less bright colour Is given by tfae same reagents, f have lately 
found that Sir £. IIohk in some of his experiments on absorption used the reaction 
of potash on tincture of rhubarb because it is so remarkable*. 

(25.) Breakfast as before. 45 grains of dry magnesia taken at 10 o'clock. It had 
no action at all on the bowels. 

* Philosophical Transactioiu, 1808. p. 45. Acoonling to tbe KMaicliM ot ScBMaaasBOM, this mction ■ 
cmed hy chrywphuiie «eM vUeh einti in the dnfbul}.— Aandea der Chemie, vd. 1. p. «4. 
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Bwl^ phoapUtw. Spec, gr. 

11} o'clock, water acid "90 per 1000 urine 10267 

i to 1 o'clock, water alkaline '69 1027*8 

3 o'clock, wuter aikaliue l'I9 1029*6 

o clock, water very acid 1*48 1038*0 

10 o*dock, water rerj acid 2*69 10a2'8 

Braak&at ae liefbfe. 80*8 gndns of magnesia taken at ^ to 1. Itdidnotact 
on tiie liowdt. 

Eaithf p hn tp h nt w . Spte. p. 

1 to 1 o'clodt, water add 179 per 1000 nrine 1080*4 

8 o'clock, water acid 1*19 1082*2 

.^jo'clock, both acid 1*89 1032*3 

9J o'clock, water very acid 2*44 1034'6 

(27.) fireakfiist as before. No magneeia taken. 

8 o*cliick 1*00 per 1000 nrine 1030*8 

6 o'dock -59 1031*4 

9| o*dock 1*89 1031*6 

Hence 45 groins of magnesia produced no inorease in the phosphates in two liours 

and throe quarters; in five hours there was a marked increase ; in seven and a half 
hours there was a still further increase, which was very marked at the end of twelve 
hours, and from the large quantity of eai'tby pbospliates present the following morning, 
perbaps the magnesia had not ceased toaot io tweoty-Rmr hoars. 

80*8 gnuns of magnesw prodoced no evident increase in two boors and a quart**; 
in four hours and three quarters the increase was marked, and after eight hours and 
three (iiiat ters it \v;is qnit*^ perceptible. From the analysis of the urine after twenty- 
six hours, it seems probable that the magnesia had not then ceased to influence the 
amount of earthy phosphates. 

(28.) Water of the same diUd as (8.) and (7.) 18*4 grains of magnesia taken 
about 7i o'clock. IKd not operate until after last water was passed. Food as befin«. 

Earthy phMphates. Spec gr. 

11 to I o'clock, water alkaline '62 per 1000 urine 1025 3 
8 to 5 o'clock, water acid i-57 per 1000 urioe 10277 

(29.) Same child. Pood as before. No magneda. 

Earthy phosphatef . Spec. gr. 

2 to 5 o'clock, water acid -36 per 1000 urine 1018-5 

(30.) Same child. 19*3 grains of magnesia at 8 o'clock. Medicine acted about 
three o'clock. 

Eartbf phospbates. Spee. gr. 

11 to 1 o'clock, water neutral '45 per 1000 urine 1014-4 

3 to 5 o'clock, water acid '80 IOI7-I 
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The conelaiions hem IImm «K|mliiienti 

I. Ai n^rds variation in the phosphates. 

The earthy phusphaten soon nCtcv food were fonnfl to varj^ from I "91 per 1000 urioCy 
specific gravity 1033*2, to 97 per 1000 urine, specilu: gravity 1027*3. 

Long after food tbey vavy from '21 per 1000 urine, specific gravity l0fl8*3to-7& per 
1000 urine, specMci gmHty -1088'<K . 

The alkaline pho^hatei le&g- after tooA, ami aooti after cKeroiie, vaiy from S'lO 
per 1000 nrine, specific gravity 1028*0, to 6*60 per 1000 urine, specific gravity 1022*8. 

Long after food the quantity varies from 6*67 per 1000 arioejapecific gravity 1025*6, 
to 4 /2 per 1000 urine, specific gravity 1033*2. 

II. As to the causes of the variation.' 
(e.) As regarda fbod. 

The earthy phosphates were not materially influenced by a diet of nieat or of Iwcad. 
They were in excess after either was taken ; bttt on distiUed Urtter Wod meat akme, 
the excess was considerably below the average. 

A long time after food the earthy phosphates were greatly diiuiQtshed. 

The allcaline phoapliBiea wete pnsSnt In g r eateat qnantity when bread akme was 
tainn for food; when meat alone was fidien, the defioieney was move amrked than 
the excess with biead alone was. There was the most marked dlAienee when the 
bread diet was coni;inrod with the meat diet. 

(h.) As regards exercise. 

Exercise produced no marked effect on the earthy phosphates. 

On the alkaline phosplmtea mercise <«iQeed an inerease of nearly one>thlrd the 
amonnt previously excreted. 'This vlilftsmice is not so' great as that between bread 
and meat ^t^^ : so that probably fhbiigh exercise has some inflnenes, the kiod of 

diet has a greater influence. 

in. As to the efiect of medical substances on the eaithy phosphates, 
(a.) As regards chloride of caldhm. - ' 

15 grains of chloride of caldam produced iiOf or very little, ellbet in two boon and 
abalf. ' ; ' ' 

22 grains in ratber'more water pNKluoed a rary decided 'loorease In two hours and 

a quarter. 

grains produced a stiil more marked increase in the same time, and the effect 
continued to be perceptible for ten boors. ' 
(6.) As regards solphate of magnesia; ' 

30 grains of sulphate of magnesia in water produced no, or very little, effect 

in two hours ; in four hours and a quarter an increase was distinctly visible. 

40 grains ill of water produced a very slight eflect in two houns and a (juarter; 
in \\ hours an increase was very dtstrnct, and continued to be perceptible tor nine 
hours," ' ' ■ ■ ■ 

(c.) As regards cSldmied magoeriia. 
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46 gaoM of nMgnerift pvodnoed no efioC in two bimit md three qnuten; in 
five hours there was a marked increase ; in seven hours and a half a still greater 

increase, which was very tnarked at the end of twelve hours, tind poseibiy COatiooMl 
for twcnty-sevea hours to influence tlie ainount of earthy piiosphates. 

3(l'8 grains of magnesia produced no increase iu two hours and a quarter ; in four 
boon and three quarters the increase mu very evident; and after eight hours and - 
three-quarters it was still very mai-ked ; and after even tven^-elx hours it still hi- 
oreased the amount of earthy phosphates in the urine. 

These last experiments give the explanation of the rapid increase of phosphatic 
calculi, and of the enormous quantities of earthy matter discharged, when magnesia 
or lime-water have heen taken hi oalenkms allbetieiw. They show that these snb- 
otancce^ having probahly combined with different ad^ pass off the urine, and 
when this latter is alkaline react on the phosphate of soda, and thus increase 00«k- 
siderably tfie amount of earthy phosphates in the deposit. 

The result of these experiments is, that the amoupf of enrthy pliosphates pn r ijiitable 
by ammonia, depends chiefly uu the amount of earthy mattci' taiiea into the body ; 
and that the amount of alkaline phosphates is also most chiefly inflnenoed by di^ s 
yet that there is an additional cause constantly acting in the state ci liealth, namdy 
the production ct phosphoric add by the timnges in the tissues of the body. And 
at in disease some of these tissues may be more particularly engaged, so then may 
the amount of alkaline phosphates point out the character, and declare the nature of 
the structure which is the seat of the affection. 

On ASkahMcam ^ikn XJnMfnmJixed. AOtaSL 

The cases in which the urine is alkaline may be divided into two classes. In the 
one the alkalescence arises from volatile alkali, and in the other from fixed alkali. 
In the iirst it is caused by carbonate of amiDonia, and in the second by carbonate of 
soda, or potash, or alkalhw phosphate of soda. DeoompoaltlBB of wen la the urtg^ 
of the on^ and tfisordered eecretion of the other. 

Whenever alkalescence arises, the earthy phosphates, whatever their quantity, are 
generally precipitated ; and hence the expression phosphatic diathesis, a term which 
makes no distinction between thi difreretit kinds of alkalescence, nor between ca!>es 
in which the earthy phosphates, sometimes tar bciuw their average quantity, simply 
appear hi consequence of their insolubility in alkaline fluids, and oases in which a 
vast excess of earthy or alkaHne phosphates Is being causrtfnd. 

The object of the present paper is to point out the fimt and die vafaw of the distfaio- 
tion between the different kinds of alkalescence. 

M. Pelouzs has shown how rapidly decomposing mucus effects the conversion of 
uxea into carbonate of ammonia. Irritati<m of the mucous membrane may give rise 
to mucus whidi prodooef this change^ and in cooseqnenoe the Une oolonr wiU be 
restoced to reddeutid litmus paper if dipped Into urine containing Bwdi mucus t or if 

MsoociKr. sa 
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blue paper be oacd, tUs, vhllat wet, will retab its ooloor ; bat if the letuimper bf 

left to dry in eitbcr ease it will be found that a change takes place. From the red- 
dened litmus paper first used the bluecoU^m- \y\\\ disappear, whilst the blue paper, 
vvlu'n quite dry, vv Ul become red in consequence of ;i slight decomposition of the aiu- 
luoaiacul suit. Thij> Uecuoipositiua I have elsewhere showo lu be tiie result of the 
evaporation of all ammoniacal aoliitioni, and thus a ready and easy way is aibrded 
of detitrmining; in any case of tlie alkalesoenee of the urine, wbetber it is caused by 
sotne ainiDoniucal saltj or whether it results from the presence of some fixed alkali*. 

It not unfrequently happens that alkalescence is caused by lixed alkaline salts in 
those who, though not ill, yet suffer from iuUigestion wbii^i leudiug sedentary lives. 
1 have more especially observed it where the octahedral crystab, usually supposed to 
be oxalate of ttnu^ bnve been presenL After a lireakfast consisting chiefly of breaid^ 
in on hour and a half tbe water passed may be fi>and bealtliily acid to test-paper, bnt 
that which is next passed, that is, from two to four hours after breakfast, will hare 
an alkaline reaction. Frequently blue test-paper will be found, when dry, to undergo 
no change fi-ora the action of such urine. It will remain of nearly as deep a blue as 
before wlien tbe llnid has perftctly ouporated. This nrine when passed will, though 
aOtaline, often l>e perfiDctiy clear, and if it be heated a grannlar pne^iitate will lall, 
the. fluid becomiDg turbid from the deposit of earthy pbospbates» which dissolve in 
dilute hydrochloric acid, usually without any effervescence. 

Such u precipitation by heat takes place when tbe urine is not even neutral It 
may be slightly acid. When boiled u precipitate falls, and if thg iluid is then tested 

it is fivond to be more acid than bcfove. If snch a dejiosit from add nrino ^ 1^ to 
become ooM, tbe earthy fdwepfaatea an fannd to be partially, and s<nnetimcB even 

entirely redissolved, being again, precipitable by boiling, and again partinlly or eor 

tirely dissolving on cooling. 

If such urine as I have mentioned is passed alkaline and thick from deposit, it 
will be found, if immediately examined by tbe microscope, to be entirely granular 
(Plate V. fig. S)| tbe supposed form of phoMphate of lime. Dilate hy drochkMie add, OF 
added occasionally causes an ^fervosoenee, which in some cases arises from some 
alkaline carbonate in solution. 

If the alkalescent or neutral urine is left for some hours, the surface hroonics 
covered with an iridescent pellicle (fig. I). This examined with tbe microscope 
Contained here and there a long prismatic crystal, bu^ the pelKcle itself consisted of 
plates covered with spots of amorpboas dq»osit. Some <tf these were triaogular, 
some qaadrilateral, some with regular and others with a ragged margin. The 
descence depended on these plates, which probably consist of phosphate of lime, as 
in some cases not a single prismatic crystal lias been visible. 

In some who suffer from indigestion the deposit of amorphous phosphate is con- 

* JhujaeiMt, buw«ver, 1 hare found to fail when macfa unte of uniaoDia an4 only m aiuU ijuaatity ut 
find snUi dimeHl to W Inacat: 
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stantly seen about three itours after breakfast^ aod verj rarely at other times. In 
iithen tbe alltaleaoenee of the lirine ia flreqaMtlyobaerved, but tlie deposit Is rare; 
iHiUst in otfaeva the depodt by beat from add urine is very IHiqaentlf to be fotmd ; 
arid alkalescence is seldom to be detected by test-paper in the water secreted from 
two to four honra after fbod^ and tbese three' states often alternately occur in the 
same case. ' ' " • 

Br. ANoaaws of Bel&st stated to me, that having observed a ease otherwise In 
perfiatit heaMi, In which the urine was almost ' invariably alkalhie about two fatfnrs 
after lireakfast, so much so as frequently to be loaded with n d o position of'pliospbates 
whilst still in the bladdtr, he was led to observe the urine of ahont fifteen students 
in good health immediately after it was voideil about noon. He found it to be alka- 
line in about two-thirds of tbe cases. W hether this tendency to alkalescent urine 
may, as Dr. Ammaws thinks, be eoniMtited with the immunity enjoyed by the iiih»- 
bitants of his distrfet from' calculous alfectioiis, orliiielher alkaleseenteat this pecfod 
of the day is fkr more general everywhere than'has been sappo«ed; ftitoiie observations 
must determine. 

At the present time I know five phy8ician«5 in \^'hom the ahovc phenomena at this 
period of the day are more or less frequently visible in a greater or lesser degree ; 
hod VH London this allcaiesceoee will be fonndln those who are considered genei-ally 
healthy much oftener than is Imagined.- 

Supposing that acid phosphate of soda was the cause of the acid reaction of healthy 
urine, it was thought that son»e explanation of the deposit on boiling mig-ht he rrained 
liy observing the behaviour of phosphate of lime and phosphate of niag-nesia with 
phosphate and biphosphate uf 8uda. Pure solutions of tbese salts and of chloride of 
caldom^ and sulphate <tf magnesia were used, and the fbltowing residts obtained. 
The deposits were examined with a magnifying power of SSO times. 

Chloride of calcium gave no immediate predfiltBte with a strong solution of add 
phosphate of soda. If left, to stand many hours, a crystalline precipitate formed 
(fig. 3). When boiled no cloudiness was observed, if the quantity of phosphate of 
lime present was small; but if much was in solution, a crystalline precipitate fell on 
boilings and when cold, if filtered and agidn boiled, a very small crystalline precipi- 
tate was occasioned, which did not entirely redissolve on cooling. 

When a solution of biphosphate of soda is mixed with ohloride of calcium, an 
Immediate precipitate is caused hy a drop or two of any alkali, and this is erystaHiTtf 
(fig. 3), or granular (fig. 2), or these mixed according to the quantity ot alkali added, 
that is, according as much or littfe of the acidity of the solation Is removed. 

If this preei^tate was separated by filtration and the clear liquid boiled, a deposit 
fell which was at first gelatinous (fig. S), the fluid becoming more acid to test-paper. 
The precipitate, if the solution wa<) very acid, changed into tbe crystalline form 
(fig. 3), and piirtly dissolved on cooling. 

If chloride of calcium was added to common phosphate of soda, a plentiful granular 

2a9 
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precipitate Ml (fig. 2). Tbis reiDaiiied granolBr or diaaged 4iili» tlift 0tptt!Slm*§atm 
(fig. j^), Mooidiiif as the phoaplmte of eodii wm or wm not in eM<«.- If dieehkffMe 
of 'eidclm «m added in excess, the flaid beeatne acid to test-paper ; the precipitate 
was at first gelatinoas, but changied after some liours ioto crystalUnp, the, fluid be- 
coming less acid after some time ff phosphate ot soda was in excess, the precipitate 
remained of a mixed granular and crystalline appearance, containing some crystals 
UaC OMire granular pbospbale of lime (fig. 4). 

If eoanaan phaephMe fltf:eoda wae pmnd dfop bf dwp ioto oMofide cf oaliiMi, 
a precipitate fell, which was at first gelatinous (fig. i)« tiie'4BM:becoaiing strongly 
acid to test-paper if left to stand, the precipitate bprame crystalline f'fic^. 3), and al 
length lost some or all its acid reaction, which it reacquired again on bolliag; 

If coittiDon plkospbate of soda was (iropped into solution of nitrate of Ume in excess, 
the tmaStmm ttm ■me gelatinous graaolar precipitate firtt iDfmiag, the-wiB-acid 
reactioDj and the eame change Into the cfTStaUiiie form on standing. 

If any of these precipitotae were sepattited by fitesation, and the clear liquid boiled, 
a farther slight precipitation occurred, which was gnmular (fig. 2). If tite plio^ 
phate of soda was not in excess, the boiling caused an increase in the acid reaction 
of the liquid. The precipitate which falls when cbloiidc of calcinm is added to 
pho8{diate nf-eoda, compl^y dlesoltes in solotioa of hiphospbate of aoda. fiwii a 
aolntion, if heated, gave a pbatifol precipitate when bdled » this was gnnnLir,iaiMl 
firtlsF dissolml m cooling ; bnt if a great excess of biphospbate of soda was added. 
the precipitate was niuob.Jess, and crystalline) and if filtered, hot little predfil^te 
again fell on boiling. : 

If sulphate of magnena was added to a solntion of bipho^hate of soda, no precU 
ptete Ml t no»i» JMiling did aMy ehnagn oeonr. if has nttlenlkall mss oddad^ no 
pmdptation occurred on boiling t if rather more, a small, highly eiyalBtfino- pMol- 
pitate fell (fig. 6) ; if still more, heat threw down a plentifU galatinoas-gi^OlarfllMe 
(fig. 2). which most rapid Iv (]i«.«olvt'd on rnnline;. 

If sulphate of magnesia was added to common phosphate of soda, little or no pre- 
eipllate ataw>rad,>bnt if boilad agalatlBMis precipitate All; this dtssoM aa thcr 
llnid coded. Under the^mioraeiopakw seen to> be aniorpho«8(f|g.^. Ifjt«na 
in such excess as not entirely tofsdissolve on cooUog^ a few drops of bipbosphate 
immediately niatk' the liquid nlear. This, if boiled, gayc a plentiful precipitate, and 
more qnii'kly tlis.snhed on cooliriir tlinii licforp. If the liquid was very acid from 
bipbosptiate of soda, a slight crystalime precipitate fell, consisting of minute rhombic 
wifHtahf ikBlikitto these vbieh were seen in the eapeiioientirith bipbosphate of aodp 

If a solution of phosphate of aoda was dropped into an excess of sulphate of mag- 

neda, after long standing a crystallization of small needles took place (fi^. 6), but 
the fluid did not become acid to tegt-|)a[u>r : nor if dropped into an excess of solution 
of chloride of magnesium was an acid reaction perceptible. 
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. It to perfectly tieallby onci struugly uuiii uriue ailrop or two of a solution ui cijiu- 
iii»«fiealol«iil to addtdj no precipitate ftlb*.. Ifttlwricidity is icncned by Any alkali, 
aii.lMiliiiff a guuinlar pnriftni» m.mamimtd». j Vm^'Whrn 4lifk Mioe it Mill $kU, 

to'iiiftly or entirely vedksolved «n cooling; or if afleaHne, iiti |m d itt tely diM<flwfa 

diliitp hydrocltloric acid M-Uhout any trace of efferVeaoence. 

Iktwceii tbieu uiid live hottfB after food, at which time tiie earthy phosphates are 
uiwuys m cxc«t»8, if ttealtby acid urine which gives no deposit on boiiiog tias some «f 
if ■IliilyMidOTefltbyflaedftlkallM,^ allMdiiie-vlRM^lMklSby •^dmarit«taiMi'fiMc.<ni 
bdttiiS'/aiid.tiMB itahrays gvantdar, the flmd boisMilDg imm4iiM'lJliMhdSani' 

1( to such alkaline urine as is passed thick fron earthy phoaphate a little bipboe^ 
phate of soda added, the phosphate redisaolves ; arul if the bipbos|Aate is nd 
added ia excess the earthy phosphates can be precipitated hy heat, the reaction be* 
oooiing more acid; but if aa vuipm fae ladded, the fluid reuiaina perfectly tkat oo 
boiliDg. : ■,>-•..,• . : ■ , • . 

l>TlhMftiR'|kn»4iia jdMMl coincidence between the deposits ci tM^ pfaKaplpteiiu 
SOinefitates of the urine, and their deposit from solutions of the phosphates of soda ; 
and the same method which is followed for obtaining n preoipitate of earthy |>hos-' 
phatea dissolved iu biphoiiphate of sodu, will give a precipitate from healthy acid 
urine, and thai whkb Uod«ni p«eoi)ntMi«i lB4ks.Me ilw«Hie •cffiwt oi| the 

:'Die deposit of phosphate of magnesia by foeiliog was supposed by M. RiinKwr to 
depend on tbf fortnntion of fi more basic phosphate of magnesia. The same expla- 
nation is still more piobablv tfie truth repardin^ the precipitation of the phosphate 
of iime^h^ boilings wbeLher troiu solutiutu> ui pliutiphutes ox ttoda or trout the urine. 
^'jllatfiiriwmnttiOfiiCqritMllhW Mrthy phosphate wbcn graat)faMMa,of wflhy fta» 
ptab»ian;|0MBBk«^1tf tit Am MOWflteia^ ti^phoifiiiitB of abda. aai^ ihe' tiqaht 
very adtl, gives the explaililioii-ieby cryitalline phosphate of lime is so seldom aaM. 
in the urine. Stil! it may occasionally be met nith CtystHHinc phosphate of itiaer- 
ne«a, from its gresAtt solubility, can scarcely appear. I'he amorphous deposit of 
phosph^ of magaona when urine , is boiled juay .perhaps be recognised by its far 
fflMlar iolaUUl^ thaa.MM plKWidiatttiof : ./ 

' tticf state of health acid phosphate of soda^ mixed probi^lgrtsrilb c— iiori phgik 
phate of soda, holds the earthy phosphates in solution. No precipitateiisoccasionad 
by chh)ride of calcium. If, after tlie wntCf is passed or before from mpdicinei?, or 
particular toud, or state of body, some oi ti^e acid pb(wpb^ is ^oaV'Ccted into com> 
moa phosphate, a predpitala takflt piaW «B^ibaBiniK tte aiM oniatt^: If thisvory 
rapidly dtoiolvcs before the flatd ia oold, the precipilate conlaitta most prolkrtljt 
phosphate of itH^^aaaa ; if wy dowly, it is a^ve likely to be phospbaiaaf ttaie. •: If 
the urine be neutral to ti?»'t-paf>f'r, that is, conttiins still less Inpho^phate of sotkl 
(tlio ooHtmon phosphate bei^g decidedly aUdtlia^ i» test^paper^ then the poccipitatiaii 
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i« none ntrked and the rei«iliiti6ii- oa cOiaShg very aUMh "Mi. If'thtf witt* be 
idlceHne, eom^ing only cominQn pbtAipMIe, tHs^nifly be paasM ciear;attd'«illl may 
contain some pbosphale of piagneeia and a little phosphate of Ihne,' these beidg^ 
eomewhat wdable in oommon phoiirtiale of aoda^ antt tbeie wHI be predpHMted on 

boiling. 

If the pbosplr.ue of Hme is from any cause in great excess, it tuny be deposited as 
a granblar deposit, and never in the'eryBtaliine form, nolMi- ft he' in to great an 
exceaa that it ie depoaited from urine contuning very mueh bipiimphnte of soda. 

The occurrence of the alkaline condition at the particular period'of the day which 
has been observed is well v,'orthy of attention. The whole trntli cannot be arriwd 
at without a very lengthened inqniry into the variations in tlie amount of arids 
excreted by the kidneys, but partly at least it mmt depend on the food whicii has 
iieen taken in the momng, that is on the paaaage of aUialine phusphatcs, or carbo- 
nates, or ealts of the vegetable adds through the system. Recent analyses of tbtt 
ashes of seeds, flesh and blood, do not show any trace of alkaline carbonates, but as 
these cannot be heated to a red heat with common alkaline phosphates without tlie 
loss of cacbooic acid, it will be seen bow difficult it is to arrive at certuiaty on this 
point. 

The condnsiona from theme ohtwrvationa are— 

1. That there exist two kinds of a Ho J e sc en ce of the urines, the one long known 

as ammoniacal, the other not distinctly recognised, arising from fixed alkali. Tkis 
last appears most frequently In water ^.ecreted from two to four hours aftov breaklast 
in persons suffering only from indigestjoa. 

. Water uiade at this period may be thick when passed .firom amorphous sedi- 
ment, or.it mayiie .aflcaiine to test-paper, and still clean or it may be free from 
deposit and slightly aeid. If either of these last be halted, an amorphous precipitate 
may fall, which is soiabie in dilute hydroehtorte acid, or in solution of bipbospbate 

of soda. 

3. Healthy urine may at any time be made to give a precipitate of earthy phos- 
phates by hent,«vai Iheogfa It be «rid, by having a HcHa «f He icM fgacthtt rtfmOved 
by any alkaU, or by oommon phoipbate^of toda^ tbo Adid iMonilag more atld-«riM«i 

boiled. '■ •• ' 

4. Tlie solution of earthy phosphates in l)ipbo8{>hate of soda, gives also a procipf- 
tate on boiling if somo of its acid reartion is removed by any alkali. The flttid when 
boiled becomes more acid to test-paper, indi<^ng the formatmn of a more basic 
earthy phosphate. 

& A preetoely simihir MMrtt Is obtained irben eonlm«n pbospllale <tf soda, phee- 

pbate of lime, and a little bipbospbate of soda exist iN solntion Mgether; and by 

varyinc the quantities of rach of these substanees, the various phenomena which 4be 
urine occasioually presents may be produced at will. 
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0.«Tbetifne tt irbuib the ^fc»|etc«ic> -of the urine fram fixed alkali geneially 
ooHtrfy lo^Bcales the eaisteiipe,of aone alkaiiii0< ptwiiHllilite or of mom earbonatcd 
alkali in the food*. . . , 

. 7. The result as regards diagnosis rooy ke thus arranged : — 

Alkaleaoenoe of the nrioo from local caiuca. Alluil«»oeiice from geitcnd ctUM. 

B)ne paper m^demftrkedly red on drying. B^ue iitma pi^fW Qot n4 00 dryipg. 
Alkalesceqc^ Bonitaiitljr pre^eqf. . >Ulra]9iwepioe,vAf?sbkb IWwMy after 

Always contains mucus in excess. Rarely contains mucns in cxcfi^s. 

Prismatic crystals AiiFays Jto be fbupd by When first passed gfsn^ally contaixu only 
oiicroscQpe., .1 granular d^yptosit. i . ■ ^ , 

I. IridMcent pellicles' on some aHcaliae nrfiMi. 
Vig'. 9. Amorphous deposit In alkaline vHne. 

Deposit on boiling phosphate of soda with chloride of oalcindi, or with sni> 

pbate of magnesia. 

Fig. 3. Chloride uf calcium with acid phosphate Of soda, or with common phos- 
phate of soda i after long standing. 
F%. 4. Alosphate 'of soda with little efaloride of caldnm. 

"Bone-earth phosphate. 
Fig. 5. On boiling phosphate of soda with sulphate of magnesia and little blphos- 
phate of soda. 

Fig. 6. Phosphate of soda with sulphate of magnesia ; after long standing. 

* • ' , • . . • . ; , ■ . 

Ampsndix. 

Laler eaperiflMoM have sbowa that the alkaleBcence from ixed alkaU does not 
d^ltend on the naftttve of the ftod* For eKampk^ wifeh a dtot of animal Ibod and di* 
stilled water, the nrine in four hours has been observed to be alkaline. Rather longer 

after dinner it has also been found to be alkaline. Usually however, after n late 
dinner, even if the water is secreted alkaline, it beromes mixed in the blaihlrr ciniing- 
sleep with acid water which U afterwards sevreted and thus tbe alkalescence escapes 
notice. 

It seems faigh^ prohable that the qnnntity of add peossd' ont InM die stomach 

sets fi^ alkali sufficient in some oasea to M«ko the. nrine nUmHnei and from £u:t8 . 
which have bepn "Stated to me, it Hp^tns even yM>R8iWe that the same effeot on the. 
water may soroetiineB be produced by the separation of acid by the skin. 

* SwAfpcodis. 
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XVI. Oh ike Gas Foltaie Battery. — f 'oltaic Action PkotpharuSf Su^thiw and 

Hifdritvarbnm. 

Bjf W. R. GnoTK, E$q^Mui^F.R,S.,F^,R.I^ Pi-o/. Exp. PhiL, London Institution, 

lUoeiTed June 5.— Read Jam 19, 

In a paper which was honotirt-d by publication in fhe Philosophical TraD^uctions for 
1 described cerlaiu lui uis of the gas voltaic buttery, together wuii u series of 
expM'inieiito in which diffbreut gases were employed as voltaic coinbinatimM,«nd the 
consequeni applicfttion of voltaism to eadiometry. 

To ensure confidence in the accuracy of the eudioinetric experkneots, it was e^Bcn- 
tial that the position which I laid down as to the absence of all voltaic action in a 
coiubination of oxygen and nitrogen slioiild be rigidly true. I may state with cer- 
tainty that it is so, but ati apparent exception noticed (£xp. 21.) in luy last paper 
obtains daring the firat few minntes after the circuit ia doiedy and sometimea for a 
mocb longer time. The ezaninalioa of thfa tmnporaiy action in the fiitt instance, 
with the view of ascertaining whether it was a spcci6c action of the nitrogen or 
attributable to adventitious rircnmstnifces, led me to the resulta which I have the 
honour of laying before the Royal Society in this i)aper. 

Before detailing these results, I will for convenience sake premise tliat they were 
ail obtained by the form of battery represented in Ag. B of my last paper (which, 
with a slight addition to be referred to presently, is again represented at Ag. 2, Phite 
VI.), charged with distilled water slightly acidulated with pure sulphuric acid. 

1 will also, when alluding to my last paper, to avoid the needless repetition of the 
word experiment, I'efer to the number of the experinicuts as though they were para- 
graphs, and continue those nambera In the paragraphs of tbia paper. 

As the form of battery (fig. 9) by which the inierfhring action of the atmosphere 
is entirdy prevented was not devised until the greater part of the experiments in my 
last paper had been completed, I repeated ''Ohh- of them which seemed to require 
such veri6cation with this batter}' ; to one ui tliese ordy is it essential that I should 
now refer, i should Ittcewise mention, that in the experiments to be described the 
proper reductions for temperature and pressnre have been made when necessary \ 
where It was practicable the experiments were examined on days when the tempenu 
turc and pressure were, as neai iy as inriy be, the same as when they were set by, 

(31.) Oxygen and deutoxide of nifrogen, whicli in tlie open form of battery gave 
only a temporary action (9.), when etuployeU in the closed form (fig. "J i gave a con- 
tinuous current. The following three sets of experiments were continued each for a 

uncccxLT. 8 A 
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mouth in closed cii-cuit, during which time they were constantly tested by the galva- 
nometer and evidenced a continiMNM voltaic action} at the espitation of the month 

the results were as follows : — 
Experiment 1. — Rise of liquid m tubes of 
Oxygen 



Dentoxide of nitrogen 
Experiment 2d — In oxygen tubes. . 

Deutoxidc of niti-ogea 
Experiment 3. — In oxygen tube*. . 



cabic inch. 
b1*86 cubic inch. 
890*6 cubic indi. 

=2'5 cubic inches. 
=0*2 cubic inch, 



Deutoxide of nitrogen . . =0'7i cubic inch. 
, fin oxygen tnbc8» rite • . . siO'34 culnc iucb. 
Mean result. ||m|em^de tnbe^ riw . . »l-5 cubic inch. 

The flight eicen bong nndonlitedly due to the greater aolubiiity of tlie deutox.i<ie» 
it appears tliat four volumes of deutoxide of nitrogen are absorbed in the gas battery 

for one of the associated oxy^jeti, and the resnlt would be a compound of 1 equir. 
nitrogen + 3 oxygen, or byponitrous acid, which is exactly that formed by the slow 
combination of these two gases in the ordinary chemical way. The difference of 
auMHnit of action in the three experiuMiita <lcpeiMled on tiw temperature^ the second 
experiment bdng made towards the clooe of laat eummer, the laat experiment during 
the continuous cold weather of the present spring. 

These experiments, coupled with the converse ones with hydrogen and deutoxide 
of nitrogen (^0.), atfoixi very satisfactory instances of the illustration of the law of 
definite combining voluroet by the gas battery, exhibiting in one result, and itidf 
rsgistoring that result, the action of equivmlent ehemical combination, oatalynt and 
TOltaism. 

(32.) I now pass to the experiments which rill form the more immediate subject 
of this paper. The temporary action to which 1 have alhided (21.) being greater 
when nitrogen and oxygen were the gases used, it the nitrogen were obtained by 
burning phospboms In atmoepherie air, than if procured from other sonreei, it natn* 
rally occurred to me that tins action was doe Oither to some pbosphorous add re- 
maining in a state of vapour in the nitrogen, or to a slight portion of the phosphorus 
itself bf'in^ held in sohifion in the nitrogen, as believed by Vavquklin ?Mid the older 
expermientalists. If this last supposition were the correct one, it seemed to otler u 
means of rendering phosphorus, though a non-conductor and insoluble in aqueous 
liquids, yet a permanent voltaic adtant analogoos to the oxidable metals.. 

(as,) A ssmII pieoe of phospboms having been carefully dried, and wdibingiriien 
dry M gnuns, was passed up through the liquid into the large tnbe of a gas battery 
bv means of a small loop of mica, which kept it separated both frotn the glas*? find 
the platinum ; the tube was now charged with pure nitrogen, and the associated tube 
with pure oxygen, the level of the gases or wnter-marli being noted by a little slip of 
paper pasted on the tube; a check exprnment of oiqffsa and nitrogen witlront phoa- 
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pbonu wai charged at the aame time ; the whole was carefully dosed from the atnio- 
•phere and set by for tmntj4om boan lv doted drcoit, to get rid of any carrant 
from adveDtitimndfcunuianoes ; the next day^wlieii tested by the gednnioiiietieraiid 

iodide of potassiam, a very decided action was apparent in the phosphorus battery, 
the iodide being* decomposed and the iralvanometer needle swins'in^ round to 30°, 
the nitrogen with the plios^iiorus representing the zinc of an ordinary voltaic corobl- 
nBtimi} the diedt experiment gave not the leait defleotion or decompo«ti<Hi. The 
•xperimeiits were titffi»red to ramaln tn closed dreolt for foar months, firom August 
10th to December I4th, 1844, having been frequently tested in the Interim, and the 
galvanometer always evidencing a continuous voltaic action in the phosphorus battery. 
On the I4th of December, the water in the oxygen tube having by it« rise denoted 
the absorption of a cubic inch of oxygen plus the slight quantity 0'0& cubic inch of 
oxygen due to s61otion, as proved by compariion with the seoond battery, the expe- 
riment was «auDined ; the result was as follows : — 

Rise of liquid m oacygen tube 1 cubic inch. In nitrogeo tube 0. 

Original weight of phosphoms 9^ gndns. 
Present weight of phosphorus 9*9 grains. 
The battery was again chai-^cf! in a similar manner, and put by on the I9th De- 
cember IB4-t ; the phosphorus weiglied 2 8 grains. This, in consequence of the ex- 
tremely cold weather which has prevailed almost without intermission from that time 
to the present period, proceeded much more slowly, and was not ttamined ontil May 
lyth, 1845, when the results were as follows 

Permanent deAeetion of galTanometer 8". 

Rise of liquid in oxygen tube 0'89 cubic inch. In nitrogen tube 0. 

Wdght of phosphoms =3*65. 

liking a mean of these two experiments, which in their relative results approximate 
more closely than I could have anticipated under the circumstances, we get 0*4 1 5 as 
the proportional weight of phosphorus lost for a cubic inch of oxygen. Now as 
94 : 31'4 : : 0*34 : 0 444. The retuk of these ezpeiknents theiufore leaves no doubt 
that phosphorous add is the produet of the vdtuc aciion, as it is of the dow com- 
bostion of pbospborus in dr. The experiment was repeated with distilled water ; 
the action was at first very trifling, but increased every day, and the water gradndly 

acquired an acid re;ictiun. 

No light was apparent in any part of the apparatus when examined in the dark, 
indeed the aetion was mneb too slow to render sndi an elihct probable; though if 
snbseqnendybybeator other means I should snooeed, as I hope. In |»odudug lights 
it will be curious to observe in what part of the dredt the luminous cffi^ in the 

voltaic combustion is percr ptible. 

A series of ten cells ]i}i«)S]ihorus and nitrogen ;i-s<k i.ited with oxygen were 
charged, and perceptibly decomposed water with platinuio electrodes. 

8a9 
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The rtsaU at the above experiments gives, I believe, the Ant insianoe of tbe em- 
ployinent of a solid, inioluble non-oondnctor ns the exdtant of a contiauoua voltaic 

current ; it proves that the existence of diflTuso'd phosphorus io nitrogen, as noticed 
by the old experimentalists, is not a consequence, as was once believed, of a partial 
combustion, but of an effusion coatinuiog as long as the previously diffused phos- 
phoms It abstracted, and it gives the vary ourioas rasnlt of a trae combnstioii, the 
eonibustibleand the * ctmAMrmU* beii^at a distance; phosphorns burned by oxygen 
wfaich is separated from it by strata both of water and gas, of an indefinite length. 
This result, tuTtvcd at by a progressive scries of inductions, scarcely now appears ex- 
traordinrirv Itnt would have been in all probability listened to with incredulity if simply 
Stated OS a lact a few years ago. ily the galvanometer we may also ascertain the 
rate of this very <>loiv and minute cbemical aeti09; thus if by an apparatus, as above 
described, my galvanometer gives a deflection of 8 degrees, I know that the pbos* 
pboms is being consumed at the rate of the seven millionth part oS a grain per 
minute. 

(34.) The next Step was to ascertain whether thi'? action was peculiar to nitrogen 
or coininun to other gases ; for this purpose, a day or two after the first experiment 
was set aside, the foUowing were also made, and the dates and results were as fol- 
lows; — 

No. 1. Phosphorus suspended In protoxide of nitrogen associated with oxygen: 

weight of phosphorns 5-3 grains. Charged August 1 1th, 1844. 
No. 2. Similar experiment, but without phosphorus. 

Tested occasionally by galvanometer, the first battery gave invariably a small de- 
flection, bat less than in experiment (38.) ; the second gave no deflection. 
Examined the 22nd April, 1845. 
No. 1. Watei risen in tube of oxygen 0*76 cubic inch. 
In protoxide tube I-" cubic inch. 
No. 2. Water risen in oxygen tube 0*1 cubic inch. 
In protoxide tube 1*6 cubic inch. 
Phosphorns weighed ft grains, therefore loss sO-S grain. 

In this experiment the rise of liquid in the tubes containing protoxide was evidently 

due to the solubility of that gas, as it was very nearly equal in both the batteries, 
and the second gave not the slightest galvanometric deflection ; the result gives 0-63 
cubic inch of oxygen consumed by 0*3 grain of phosphorus, bearing nearly the same 
relative proportions as experiment (33.); the only dilferaice betwaenthe action of 
phosphorns in nitrogen and in protoxide of nitrogen is, that in the former it Is more 
rapid, as proved both by the galfanometric deflection and by the quantity of oxygen 
absorbed in a given time. 

(35.) Charged August 11th, I,S4 I. 

No. I. I'liosphorus iu carbonic ucid gaii associated with oxygen; weight of pboe- 
ptioruia S-9 graioS. 



Digitized by Google 



VOl/TAtC ACTION OF PHOSPHORUS, SUUPHUR ANI> HTDIkOCARBONS. 355 



No. 2. Same witbont phosphorus. 

*Vested bjr galvanometer, No. 1. always gave a deflection. No. 2. none. 

On the 3rd of December the carbonic acid gas in both batteries had Iwen absortted, 

and the tiqiiui had reached the extremities of both tubes. 

In the oxytren tnbe of 

No. i, rise ot liquid =075 cubic inch. In No. 2, 0*05 cubic inch. 

Fhoaphoms weiglied 5*6 grains, the proportional weight was therefore 0-3 grain 
pbosphoms to 07 cable inch oxygen. 

Here again the proportions came out just as in (88.) and (34), the intensity of ac- 
tion being int^rrnr-diate, less than the former and greater than the latter. 

(36.) Charged IHth December, \M4. 

No. 1 . Phosphorus in pure oxygen associated with oxygen, great care being taken 
to exdode atmospheric air: this arrangement having been kiept In ekaed oinroit for 
twentywfoar hours, gave a very feeble deflection of the galvanometer. 

Examined 15th February, is 15. The rise of liquid in tlie tube contmning phos- 
phorus was equal to 0*3 cubic inch, in that containing- the associated oxyp^en = 0-05. 
I find no note of the phosphorus being re-weighed ; probably I considered it useless, 
as the consumption of oxygen in the associated tube was so very trifling, scarcely 
aiilBcient to.be distinguished from the elfeet of Its solability. 

(87.) Charged 23rd April, 1845. 

No. 1 . Phosphorus suspended in dentmnde of nitrogen associated with oxygen ; 

weight of pho<iphonis = 4-3 grains. 
No. 2. Same without phosphorus. 

Examined May 27tb, 1845. Galvanometer gave 25° permanent deflection in No. 1, 
and Iff In No. 2. 

No. 1. Rise of liquid in dentoxide ta1>e sO*? cubic inch. 
Rise of liquid in oxygen tube =0-6 cubic inch. 

No. 2. Rise of liquid in deutoxide tuhp =0*7 cubic inch. 
In oxygen tube = 0*2 cubic inch. 

Wdght of pbospborus 4'17 grains. 
Consequently had lost 0*18 gnun for 0'4 cubic inch of oxygen. 

In this and all the preceding experiments the residual gases were unchanged in 
quality, and in this experiment it appears that the action of the deutoxide of nitrogen 
and the oxygen was perfectly unaffected by the pliosphoriis, tfu* ron'ifjmption of dent- 
oxide of nitrogen being exactly the same in both batteries. In another experiment, 
whidi I did not record on account of a mhittte babble of air having entered the 
tubes containing the deutoxide, the phosphoras appeared lo have exereised a retard- 
ing influence on the voltaic combination of deutoxide of nitrogen and oxygen ; this I 
attributed to a slight deposit of phosphorous acid opon the platinum, by which its 
catalytic power was deteriorated. 

(3b.) It thus appears that the etfect we have been examining, of the diffusion of 
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pbosphoraa in gw, is not doe to anjr peenliarity of nitrogai,«id b nst peenBar to 
any partlcnlBr ga8,aionce believed; bnttieingiii aUprolMiiiKtyeoaraMa to allgMea 
wliidi do not exercise a specific action on the pbosphoras, it may be more properly 
called a volatilization of phosphorus at ordinary temperatares than a solubility in 
gas ; the ordinary slow combustion of phosphorus in air is, in fact, a combustion of its 
vapour. I incline to think that the inferiority cS tte vaporintkn in pnie oxygen is 
doe to a protecting film bdiig formed, and that the phenomenon Is in aome reapeeta 
analogous to the inactivity of iron in idtric acid. 

(39.) Phosphorus in nitrogen was assodated with hydrogen in the gns t)attery to 
ascertain their voltaic relation; the hydrogen was positive to the phospborai, •*. e; 
represented the zinc of an ordinary voltaic combination. 

(40.) To realize the cnrione liarAtj ci tmo- non-ooadupting aaide fonniog the 
elenenti (rfa voltdc bacttery, and' prodaefai|r a continttooa cnrrenty phoapboms ana- 
pended in nitrogen in one tubeof a gaa battery was associated with iodine in nitrogen 
in the other; a very decided current was the result, which continued for months, the 
nitrogen remaining utialtered in volume, but the liquid becoming gradually tinged 
by the excess of iodine vapour. The following is the result of the experiment: — 

Charged January 1, 1845. Examined May 17, 1845. 

Welgbt of Iodine . . sb5-9gi^na. I Wejght of iodine . . ikW^-ii0it 
Weight of phoepboma. =6'4grain8. | Wdghtof phoapborna* aeif!|j|f yinlii^ 

The phospboma has conaeqnently lost 0'12 grain, the iodine 1*8. AfWtyity^^Art 

the phosphorus consumed 3 equivalents of oxygen, as in experiments Qij^ (Sf^^ 
(35.), (37 ) > wc should have 3 equivalents of bydrqgen diminated, and,<;(N^B^gpc^^. 
3 of iodine consumed, or 

31*4 : 126-6 : : 012 : 0'48 
0-48x3= 1-44. 

The result is tolerably near, but from the iodine vapour in solution an excess and 
not a deficit in tlie oonsunption ct this was to bsve been expaotod. 
(41.) It was necessary for my own satis&ction to make a great number of other 

experiments for the purpose of checking and eliminating any adventitious results 
which might possibly interfere with the actual voltaic action of the gas battery, such 
as placing phosphorus in single tubes containing the different gases, but with platinum 
fi»il and without aaaoclaled tnbea, othera without the platinum foil or associated tubes ; 
but as these had no inflnenoa on the results, and were merely osad aa testa for my 
own satisfaction, it would be useless and tedious to detail them. 

(42.) Having examined the action of phosphorus in the gas battery under these 
various circumstances, my next step was to ascertiiiii if any other substance produced 
a similar effect. Sulphur, the nearest analogue of phosphorus, was the body which 
aatnrally presented itself, bat from ita diflbrsnt eharaiMstiea reqprfrad a diflTerent 
mode of maidpnialioii. The following was adopted. Into a little capsule of g^ass, 
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haviiig a l<m|; iolhl kg (ne tg. 1% was placed a naall pjeee of loJid lalphur ; tUs 

was held in the large apertara of a g:as batlsry edi, while the tobe was poised care- 
fully over it ; tlie platinum in this tube was connected with the zinc of a single cell of 
the nitric acid battery, while an anode of platinum was placed in the liquid throogh 
the central aperture; by this meaos all the oxygen of the atmospheric air was 
fthaHiffd, and tbe mrplaB hydrogen was in tara lakaa away by connaote with 
tte amnfialawl taba charged with 9xygm i the Huae eflbet might liava been more 
llowly produced by the process described (29.). The sulphur was now In an atmo- 
sphere of pure nitrogen, and thi« could have been effected in no otlier way that I am 
aware fif without wetting or iuriiiing Borne deposit on the sulphur. Having- connected 
11 III closed circuit with the oxygeu tube ior twenty-tour hours, the galvanometer gave 
oo dcfleelkii. A toiall lioop of Iron with a handle was now heated and paned over 
ibt tilbaoonfaittiqg snlpbur and nltragen, the wires being connected with the galva»' 
nometer (see fig. 52). The i-esult was very striking : I had directed my assistant to 
watch the galvanometer while I attended to the manipulation. At the same instant 
he exclaimed that the galvaiuuuelef wuh deflected, and I that the sulphur was melt- 
ing i the galvanometer continued deilected duriug the whole time that the sulphur re> 
naincd ftned^ and indM^ some tine afterwards, until all the soljriiar vapoor difihsed m 
the nitrogen liad beconbe exhansted. The snlpbur represented the nine of an ordinary 
voltaic combination. It was of course impracticable in this case to ascertain the 
equivalent consumption. This experiment very strikingly exhibits the analogy of 
sulphur with phosphorus, and proves that the instant sulphur i& lused it becomes a 
volatile body, as pbospborns Is when solid ; ttie shddennees of its action, coupled 
with the insiDloble character of snlpbur, leads to the conclusion that solution in the 
electtvlyte is not a necessary antecedent to voltaic action in the gas iwttery. Indeed 
this might have been deduced from the experiments with phosphorus, as its vapour 
must have been nearly, if not ahsolntely insoluble in the electrolyfe, or the equivalent 
results would not have come out so accurately ; possibly solution and electroiysis are 
in these cases synchronous. 

(48.) I was nonr led to txy in the giu battery otiier sabstaaoes dilTering from phos- 
phorus and sulphur, but poesesdng characters which had hitherto prevented thdr 
being used a« voltaic excitants; as, if my view of the volatility of phosphorus 
and sulphur were correct, other volatile bodies ought to act similarly. Camphor 
was the first substanoi i experimented on. A piece of camphor weighing 12 9 grains, 
was plaeed in a siraifaur uHUiner to the phosphorus (3S.) in idtrogen, and assoc i ate d 
with oxygen s tested by the gelvanooMter it gave a feeble deflection, which, however, 
was continuous ; it was allowed to remiJn four months in closed circuit ; at the 
expiration of that time the liquid had risen in the oxygen tube 0*3 cubic inch ; the 
nitrogen in which the camphor was suspended bad increased in volume 0'15 of a 
cuIhc inch. The camphor weighed 1 1*4 grains, but some minute crystals of it were 
obeerved at the top cdT the tube, eo that the loss of wdght was greatnr than that due 
to voltaic action. 
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(44>) The tmallnew of the quantity of the gw wluch hed been added to the nitrogen, 

precluded an accaiate analysis of it; enough was ascertaioed, bowev«', to lead me 
to believe that it was hydrocarbonous, and it then became niy ;iim to produce it in 
gi'eater quantities, i attached a piece of camplior to a platinum wire, and to the same 
wire I aleo attached a piece of sponge platinum ; I passed these up into a tube of 
nitrogen over distilled water, and -at the expiration of three months the gas had 
increased 0*1 cubic inch this proved that the cami^or vapour was decoinposai)Ie by 
the catalytic action of platinum at ordinary temperatures, and that the effect in the 
nitrogen cell of the battery was not due to its voltaic association; bat the experiment 
did not give me a sufficient quantity of the gas for analysis. 

(45.) I therefore had reoonnw to die anparatas, fig. d. « is an inverted cylindrical 
test-glags I b a platinum capsule with a pin-hole in the bottom for drainafs, standiag 
on an ivory pedestal ; c, c two very stout platinum wires; d a coil of fine platinum 
wire. Into the capsule h was placed the camphor, the glass u filled with distilled 
water was inverted over it and charged with pure nitrogen, to a level marked some- 
where below the capsule ; the wires ic w' are now connected with a voitaic battery of 
sufficient power fully to ignite the wira 4^4 

. (46.) After the wire was ignited the volnme of the gas gradoaliy Inersased ; when 

the original volnme was doubled, the gas was examined. It bad a strong disagree- 
able odour, very similar to that of coal-gas ; it l)urned with a blue flame, slightly 
tinged with yellow: placed in an eudiometer, such as I formerly described*, and 
mixed with hydrogen, it underwent no alteration. Two volumes of it, mixed with 
one.voliime cf oxygen, oontracted one^xth of the whole volnme, and snhsequently 
ai^^ted with lime-water, contracted two-dztbs move, lining the tube with a crost of 
carf)oii.'itc of lime. 'I he residual gas was nitrogen. It was thus clear that the vapour 
of camphor was decoinposetl by the ignited wire into carburetted hydrogen and 
carbonic oxide, and the analogy is too direct to leave any doubt that these gases 
were also formed in experunenu (43.) and (44.) by the laauenoe ot the platinum foil 
and spongy ptetinnm. 

The apparatus (fig. 4) offers a most convenient means of decomposing volatilB 
hydrocarbons, and possibly other substances. 

(4/.) Portionsof oil uf 'I'urpi'nf ine and ofCassia were nf)w placed in capsules (fig. 1 ), 
weighed and exposed each to au uiuiuspiicre of nitrogen in the large tube of a gas 
battery, by the same means as described (42 ): they gave a very dedded deflection 
(the nitrogen representing line). This deflection continues^ and the Bqtdd Is slowly 
rising in the oxygen tubes, but the rise is too slight at the time of mywrltii^p this 
paper to derive any useful result from examining the piesent weight-f. 

* Philf^phical Miguine. Augnrt 1S41, p. 99, and JUbwiihin) TraimetbM, 164S, p. lOS. 

t Der. 1845. — The ri«r nf liquid lin' hcvu Mnw but continuout, nnd the galTuiometer feebly deflected. In 
the Turpentine experiment the rice ii =0 7 cubic inch, in the Ca&ua O o ( tlie weights, however, from the irrcgu. 
Ittity of ibniiiitiioo «iid enpmtion, fpn ao d»tt M to th« ei|iihikBteaMnqiliaai tfant llie Tupmtino hu 
lort 0-7 grab, tftt Gtei» giiined gnio. 
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(48.) Alcohol and ether were tried in • rimiltr manner, and produced notable 
voltaic eflhelB ; akobol tiie most ponrerfbl probably, on aooomit of its greater boIii^ 
bility in water. 

(49.) The rationale of the action in experiments (43.) and (47.) is curioin. It 
seems that the pififinum in the nitrogen tube first decomposes the vapour of the hydro- 
carbons*, and then the same piatinatn, with its associated plate, recouibioes the 
•epimted oonetitoeiiti with oxygen. In experiment (43.) the deoomporitkm takci 
phce moftt qoidcfy tban'the recompoiition, as indeed wonld be expected froD the 
absence of the resistance of the eleotrndyte in the liDrmer caae, and heooe the iacreaie 

of gas in the nitrogen fnhe, 

(30.) The analogy of t lic H tion of the above volatile snbstances strengthens the 
position advanced (38.), that solid phosphorus should be regarded as volatile at 
ordinary temperatures, and anlphttr when Inicd ; the whote of these experimeiits 
aim asrve to introdnae the falvanccneler as a new and deUeate test, and in some 
eaaes a measurer of volatilimtion. 

(51.) A« the gas battery was shown in the former paper, which I bad the hononr 
to coiDmuuicale to the Society, to give us the power ol introducing gases which bad 
been previously untried as voltaic exataots, and to ascertain their electro-chemical 
relations, it has, by the means detdled in this paper, qwned a field for ascertaining 
the voltaic relaticns and quantitative electro<ohemical combinations of solid and 
liquid substances, which from their physical characteristics had not hitherto been 
recognised in lists of the voltaic relations of different substances, and consequently 
formed to a certain extent a blank in the chemical theory (may we not now call it 
law ?) of tbe folftaic pile. These residts, coupled with the praviondy-artanfed taUca 
of deetio-ehemical rdations, and with the great improvements in apparatns Ibr 
measuring these relations recently made by BCr. Wbbatsvome and ( H oi s, offer every 
promise of the ultimate pstablislmient of accnratc measures of aflSnily. I give the 
following tables as an ajiproxliimtive list, without attempting to give tlie degrees of 
intensity, which can only be tilled up by a careful series of reseat tihfs exclusively 
devoted to this oljcct. 



Camphor. 

Essential oils. 
Olefiant gas. 
Ether. 



(6S.) Chlorine. 
Bromine. 
Iodine. 
Peroxides. 

Oxygmi. I Alcohol. 

Deutoxide of nitrogen. [ Sulphui 

Carbonic acid. 
Nitrogen. 

Metals which do not decompose water 
under ordinary circumstances. 

* ] 1 e t!! wort km And ia dw tide 40 vkU pariphtuiit ikiswtk Qoitc eomctM appUadt* «MMof 

Uwte bodie*. 

MncccxLV. 3 a 



Phosphorus. 
Carbonic oxide. 
Hydrogen. 

Metals wliich decompose water. 
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' ' Tfcotti^ earboiiHt acid and nitrogen appear to be neatral, and cMkaequently might 
b« bracketed with the metale which do not deoompeie water, as fbranog the nodat 
point or zero of the tahle, yet, in conpeqiieoce of the pecaliar action ezercited ttf 
them, and detailed (29 ) anfl (30.), 1 have placed them above the mctab*. 

(53.) The results einbudieil in my present and my former paper, I think sutticiently 
indicate the field of i-e&earch opened by the gas battery, a field which asay of coarae 
be iadeAnitely extended. I have never thought of the gna battery as a praotieai nMajw 
of generating voltaic'powei*, thoogh in oonaeqiience of my earlier researches, whioii 
terminated in the nitric acid battery, having had this object in view, I have been 
deemed by some to have proposfd the gas Imttery for the same purpose ; there is, 
however, a form of gas battery which I may here describe, which, wliere continuous 
intensity or electromotive force is required, but the quantity id electricity is altogether 
uniasportant, appears to ine to c&br some advantages over any finrai of battery hitherto 
oonstmetedyand which, independently of any practical result, ia, Irom circumstances 
peculiar to the ;^«, hattory, not widioiit interest. It is shown at fig's. 4 and 5. A .\' is a 
long glass tube, with a series of legs or g-lass tubes attached to and opening into it ; 
the lower extremities of these at e open, and the main tube or channel A A terminates 
at the extremity A In a ^an stopper, and at A' opens out into a funnel, as shown in the 
Ugare. Into a series of glasses B B' are-cemented platinnm wires having- attached 
to them strips of platinized platinum foil, two to each glass, the one being four inches 
long and half an inch wide, the other 1^ inch long by one inch wide; the former 
spt are placed lower than the latter, so that when the ji^lasses are filletl with licjuid 
the former set shall be just covered, and tlie latter bisecttd by the wuter-mai k ; the 

last glass B hasnopkitiniini. Thes^^ platinnm strips are eonnectedmelallicaUy by ex* 
temal wires» the narrow platinnm of one cell with the wideone of the nest, and so on in 
series. The glasses having been filled to the top of the narrow platinum with acidulated 
water, let a piece of zinc be placed on a pedestal in the vessel U, and the stopper 
being out of the extremity A, the apparatus A A' lowered into the glasses, the tubular 
legs covering each one of the narrow platinum plates, llw tabes wHI of course be 
full of water, and the mwn channel full of atmospheric air $ this will gradually be 
displaced by the hydrogen ascending from the zitie, which hydrogen, in consequence 
of the curve at A, will retain its position. When it is judged that the greater portion 
of air hiis been expelled, the ^^topper at A, covered with a little grease, is to be in- 
serted ; the hydrogen now will rapidly descend in all the tubes until the zinc is laid 
bare, and tbeo remain stationary. 

We have now a gas battery, the terminal wiraa of which will give the nsoal vol* 
taic effects, the atmospheric air supplying an inexhaustible source of o.xygen, and 
the hydrogen being renewed as required by the liquid rising to touch the zinc; by 
snpplying a fresh piece of zinc when necessary, it thus becomes a self-charging battery, 

• I have licen Intoly much struck with the difficult)' of reconcilifl;^ the theory of Gaomii'* with many of the 
combiiiAtioiu ia the gas battery, aad hare stated this difficulty in the Fbilosophical Magazine for Nor. ISM.' 
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vUeb will gite a cominaoiit oiurmitf no aev fdatei are ev«r ii«ed8d, the dflctrolyle 
ia never lafeunled, and nqnim no renewal except the trifling lees from evaporation, 
which indeed ie lessened, If the battery be in action, by the newly composed water. 
There is an aperture in the pedestal with a moveable slide, through whicli the vessel 
B' can be removed, when necessary, to replace the zinc, and the retiiaining^ part of the 
apparatus b never disturbed. This battery would fortn an elegant substitute for the 
water batter; ; it woaid much exceed in intensity a similar nnmlMr of series of that 
apparatuis it would Inapplicable to experimente of slow crystalliiation and possibly 
lo the telegraph. Its oonstrnetion Is diAcult and makes its prime cost ocpensive, but 
after that it is the most durable, the most easily charged, and the most free from 
local action of any known form. I have had one of ten cells constrocted, shown at 
fig. 5, which succeeds perfectly, givinir sparks^ decoinposing water, &c., and is ever 
ready for use. Any uumber of such beib might be united by adapter-tubes i or indeetl 
it- wonM be mocb more eeonondoal, and reduce to a ndnlmnm the damage from 
Iweakege, to have the snia channels A A' made of varnished wood or porcelain, with 
apertnres into whieh sepaiate ^aas tnbes might be cemented. 
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XVII. Qn the OoHfomidM afTmmi iadme. ' ^ Thomas H. Hbhby, Etq. 
CbnmiMtcttletf fy R. ftiiiibips, E$q., F.ft.S. 

lUotivtd Mtanh 81,-"RMd Jim 19, 1845. 

In a paper by Sir H. Davy, published in the Philosophical TraasactioiM, 1814, he 
describes the compound of tin and iodine procured hy heating these bodies together, 
out of the contact of air, as uf a deep orange colour, fusible at a moderate heat, and 
volatile at a higher temperature. 

The oompoQiid obtained by OAT-LvaaAC, by gently heating tin with tiriee its vdgfat 
0f iodine, and more recently by RAMMKMBnno, by tlie nme metlvod*, ie deaeribed 
by them as a reddi8h4>rown, transparent eubirtance, Adding a powder off a dirty 
orange-yellow colour, an<! easily fusible. 

A compound of tin and iodine was procured by BouUAY-f-, by precipitating a 
solution of protochloride of tin with iodide of potassittm, in riight excess. 

The oombinationa proenred by theae methods have iMca oonridered to be identical 
in composition, although the oompouud procured both by OAV-LvsaAC and by Ram. 
MRLSBERG is Stated by them to he decomposed by water, while the aalt of BouUiAV 
ia described by him as soluble in water without decomposition. 

It will be seen, I think, from ttie following experiments, that the substance procured 
by heatbg tin with twice Its w^glit of iodhM, is a mixtare of two salts, differing in 
composition, one of wbieh it aolnble in water to a alight extent, without avflhring 
decmnposition, while the other is immediately decomposed on bringing it in contact 
with water, the former l)eing the real protiodide described by Boullay. and the latter 
a biniodidc, a salt which has not yet, to my knowledge at least, been described, but 
which niui>t have been the compound n>entioned by bir H. Davy, as it is of a brilliant 
orange colour, and snUimes at a temperature of 366* Fabs., while the protiodide, I 
find, may be beated to rednesi, ont of the contact of lUr, without subliming. 

100 grs. of tin, in a state of minute division, were mixed with 220 grs. of iodine, 
the mixtni*e plri(M>d in a porcelain crncibTc well-covered, and sufficient heat being 
applied to fuse tlie iodine, violent action immediately look place, accompanied by the 
evolution of much heat and the sublimation of a portion of the iodine i when the 
action had ceaaed and the crucible had become cool, a tirown tranaparent cryatallme 
mass, wdghing 810 grs., was removed from it ; 10 grs. of lodfaie had been sublhned, 
therefore, by the beat evolved during the combination; upon breaking this mass, 
however, a button of metallic tin, weighing 49 grs., was found inclosed in it This 

• OaciB, IlmiMi.nl n. f AndMdeCUiniMssiv.S7S. 
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Jwbitanoe oonld not be the neatral compound, for the S l o grs. of iodine would require 
98 grs. of tin to form the protiodide instead of only 66 gra. 
The mass was therefore heated again in a Ptorenoe iosk weil-eorked, with 45 grs. 

of tin in very fine powder, to replace the luitton removed from it, in order to nsfertain 
wliethcr the neutral coinponnH could he procured l)y digesting this subfetauce wilb 
the metal in a »tate more favourable to comliinatiuu. The mass readily fused without 
any further aetbn on tiw tin $ hot an oraiige>red sobiiniate was formed, condensing 
on the aides <tf the flask in brilliant adcnlar crystals. As the mass In the iaak dimi- 
nMied in quantity, it l>ecame less fusible, until at len^^th it required a de^M ee of lieat 
Uttle short of dnil redne'^s to produce that e Sect, and then it ceased to give off 
vapour. The Mask was now allowed to cool ; wljen cold, it was cut, and the fused 
residue removed, which wm fouud to weigh 86 b grs. after the separation of 37*5 gra. 
of tin still oneombined. 

Tbb sahstance was of a deep red eokmr and erystalHne t«ttnre» aChrding a powder 
of a bright red colour similar to that of minium ; 60 parts of it were treated with 
strong nitric acid, which acted violently upon it, expelling iodine and leaving peroxide 
of tin, which weighed af^er ignition 22-1 paits = 17*38 metallic tin =3476 per cent.; 
« compound of one equivalentof tin = 59» and one of iodine = 196^ Would ^ye 31*80 
per oent. This eiroess-ln the quantity of tin artMO fh»m the heat employed in sepa- 
rating the two compounds, producing a portion of oxide by the decomposition of the 
protosalt, as will he seen further on. To ascerJain the composition of the sublimate, 
50 parts of it were decomposed by nitric acidj and gave 13*2 parts of peroxide 
= 9 597 metal = 1 9' 1 9 per cent, 

100 parts, treated with asolntloa of pare carbonate of potash in slight excess, were 
deoompoded, oarbonle aeld bring evolved and peroxide of tin predpltated $ the iodide 
of potastivm produced was separated by alcohol, and after dilution with water, was 
treated with nitrate of silver } the precipitate dried and fused weighed 148'6s79'fl9 
iodine. This gives 

Tbeocy. Experiment. 
3 Iodine =252 81 79 99 

I Tin. = 59 19 1919 
81 1 too 90-18 

It was therefore a btaiodide. 

In the next experiment, I took one atom of each substance, vix. 60 gn. of tin and 
198 gra. of iodine, Ttie action was violent as before ; there were 18 grs» of tin un> 

coinlitned, and after the sublimation of the Unlodide, the fused protosalt wdjghed 
€dgrs. ; this waf> exposed to the air as little as pAs?;il>le during the process of sabli- 
mation, which lining performed in a retort, less oxide wat> formed in const^m n* e. 

50 purtis gave peroxide of tin =:i,i '2 per ceut. metal. In order to uscertaio 
(he action of beat upon the protiodide of tin, I prepared some by precipitating a 
warm concentrated eolution of reeentiy prepared prolodikwide of tin, by a strong 
eolation of iodide of potaesiam, ia dight execas ; the salt formed on cooing in bean- 
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tifiil aeicdlMr eryttds, wliiob, after bdng wMbad with a little waiiut, iMt their linti» 
bjr drying at a very gentle heat. 

60 parts gave iO'7 parts peroxide =32*36 per cent, tin ; 10 grs. of this were heated 
in a small tube, tightly corked, at fimt gently, and afterwards to complete fusion; a 
little water condensed on the upper part of the tube with a minute portion of hinio> 
dide. When cold tbe tube was cut, the fused mass i-emoved, and found to have lost 
1*5 gr. ; it was dightly oxidised on the enrftee, and perftctiy.rGeenib1fld the proUodide 
praonfcd ia the former experiments. 

35-3 grs. of the sarne salt were heated to from 380'' to 400° in an open porcelain 
crucible, a sublimate vva* produced, which was received in a paper cone, so placed 
on the crnciUle as qui tu prevent tbe access of air » when no more >'apour was given 
off, tbe craeiUe was cooled and weighed $ the residue was fonnd to weigh 6 04 grs. ; 
* it was ignited, and then weighed 5'9i grs., and was peroxide of tm, The mblimate, 
which was in small brilliant orungt nd crystal!>, was hiniudide of tin ; for 4*60 grs., 
decomposed with nitric acid and ignited, gave 11 15 peroxide = 19 06 per cent, of tnctal. 

Now, supposing tliat two atonis of protiodide of tin had been decomposed, giving 
rise to one atom of periodidc, and uue atom of peroxide of tin, '2.y3 gii. of protiodide 
aboedd have left 5* t3 grs. of pemxide» which is safidently near tbe quantity obtained 
lo^detarmiiie' the nntnre of the decompositioa. fiaasauus statiiM th%t tbe' proto> 
fluoride of tin is converted, by the action of the pumospbere, ijfto SaF*, SnQ' ; a 
decomposition exactly analogous to that aljovp (Ifsrrihed 

I have not succeeded in obtaining a combination ut tiu and iodiue corresponding 
to the sesquioxide, althougli Uoullay conjectured that Bom^ yellow crys^ls, which 
he obtahMd OB adiUng ta a solution of protochloride of lia a solulion. of iodide of 
.potassinm, in which aa a^iitiond haU^Ktom was. dissolved, were sesqni-iodide ; the 
crystals I obtained by this method were found to be pure protiodide. 

On adding iodine to h solution of protochloride of tin, this salt siifTers a remarkable 
decompositioa i if its ^>olution be concentrated, an iodide of tin is precipitated, and a 
combination of chloride and iodide of the metal, in definite proportions, remains dis> 
solved in the eolation. If tbe iodine be added in excess, so that the eolation acquires 
a brown colour, it yields crystals of biniodide oa evaporation ; if, on the other hand, 
the protochloride be in excess, a portion of the protiodide is precipttntcd. and the re- 
mainder unites witli j)rotochloride of tin, in the proportion of one equivalmf of e;inh 
substance, and it remains dissolved in the solution of protochloride, but may be sep<i- 
rated by evaporation in the form of delicate aciettlar crystals of a sOlcy lastrs, and 
straw-yellow colour. 

'. On adding iodine to an cqnal weight of protochloride of tin, dissolved In a i^iaall 
quantity of water, I obtained some minute red crystal;;, which yielded on analysts • 

■'■ • ■ \ ' ' Per oeot. 

Iodine 7»*80 

* . r ; .Tin , . in-98 

was 
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It was the binlodide tberefore t «Hth S80 gn. of the protocbloride of tin and 150 gn. 
of iodine, ft precipitate was obtained, wliieh was Ibund to yield— 

Percent. 

Iodine 6778 

Tin 81-67 

99-45 

it was tlierefore protlodide of tin. 
The solntion remaining after tlie precipitation of the protiodide was evaporated at 

a gentle hear, until sufficiently concentrated, and allowed to cool; some cr^lals 
were thus obtained which wete frt'cd as much as possib!t' from the mother-liquor, by 
pressure in bibulous paper, lut an attempting to purify them tor analyi^is by redis- 
oulving theni in water, they were immediately decomposed, giving a scarlet crystal- 
line precipitate of protlodide of tin, while chloride of tin remained in solntion ; they 
were tlwrcfore pressed as dry as possiblein bitralons paper, and afterwards retmned 
til eoetio over sulphuric acid for some hours. 

lOgrs. were then treated with a solution of pure carbonate of potash, evaporated 
to dryness, I'edissolved in cold water and separated frorn the protoxide of tin by fil- 
tration; the solution acidulated with nitric acid, and the iodine precipitated by nitrate 
of palladium while hot, the precipitate washed, dried, and ignited, left 1*94 gr. of 
metallic palladium = 4*586 grs. iodine. The chlorine was afterwards predfntated by 
nitrate of silver; the precipitate, washed, dried, and fused, weighed 5*22 grs. ; npon 
dissolving the chloride of silver in ammonia 0*1 gr. of metallic palladium was sepa- 
rated, which had subsided with the chloride of silver as a subsalt; this leaves 6'IS 
for the tme weight of the chloride of silver ts 1*263 chlorine ; 5 grs. deoomposed with 
nitric acid in excess, evaporated to dryness and ignited, gave 9*08 gri. peroxide of tn 
b2- 108 of metallic tin. 

This gives in 100 parts — 

Hwv'jr Ste mqC. SsperiiBMrt. 

One atom chlorine s 8ft<4 or 19*67 13*63 
One atom iodine^ stslt0 or 46*10 45*66 
Two atoms tin. .a 118 or 42*33 42*16 

379*4 100*00 lOO'OS 

It is therefore a compound of one atom of proioehlorida of tin, and one atom of prot« 
iodide of tin. 

The excess in the quantity of iodine in the above analysis, is probably owhaf to the 
tendency of the protonltrate of paUadium to subside a? a basic salt in company 
with precipitates, which is a great objection to its employment in analysis. 

As the protochioride of tin is stated by Umeun *, on the authority of Bbbzbuvs, 
lo eoBtidn one atom of water of crystalliaatlon, while the late Dr. T^naa, in the last 
editM»n of his Elements, published during his fifei", slatse that It oonttini diree atoms 

* Hia4tadi.wLia. t Bdit. v. «sa 
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of water of crystallization, and several worki of obftiaeter do mot give the composi- 
tion of thr rrysta!!i7pd salt at all, it became necessary to analyse the «r\U used in the 
above experiments; it was obtaiiied by digesting' strong' hydrorhloric acid with tin 
in excess at a moderate heat, and when u tuicrubly coQceati-ated solution was ob- 
tained, decanting it and aettfaig it adde to eryatalllse i the strongly add mother-Hqoor 
was agun ifigesled with tlie tin trad toolc up a fresh portion (it appsan impossible to 
saturate hydrochloric acid with tin at once). The salt was in small prismatic ciprtals 
and dis'sulNvd in vrater, after drying on blotting-pappr, formintrn perfectly clear solu- 
tion, ami pioducing a great degree of cold; 7^gt^< dissolved in 3o2. of water re- 
duced the temperature from 58" to 27" Fahb. ' 

The crystals were coarsely powdered and pressed as dry as possible in bibdlons 
'paper; 25 grs. were dissolved in water addolated by snlphnrtc acid, and the dn pre> 
cipitated by sulphuretted hydrogen, the protosulphnret washed and dried, wdghed 
17*23 grs. ; IG'2 of these were ignited ina porcelain nnrihlr, and ttic ii'-nition. r«*peated 
with a little carbonate of ammonia, gave IS O grs. ol peroxide ; this corresponds to 
, 16-59 on the total quantity of sulphurct, which is equivalent to 18'00 of metal. 

The excess of sulphuretted hydrogen was removed hy a little sulphate of* coji^r, 
and the chlorine, precipitated hy nitrate of sUver, fgm 30*94 grs. of fhs^ chloride of 
silver =772 chlorine. 

To (Ictcrmtne the wafrr, ^H f)^ crrarn^: wnre retained m rnri/n over sulphiu-ir nrid 
for twenty-tour hours, and were lound to have lost 3'87 grains = lt)'41,per cent. ; we 
btive therefore— 

I 

AtonUi 
1 86*4 

1 59 

2 ' IH 

! 12-4 

The following table contains the principal analytical results of tbis communica- 
tion 

Proliodideoftin . . . Snl/aoUd and fixed, sparingly sohMe. 
Feriodideof tin . . . Snld solid, volatile, decomposed by water. 
Cbloriodide of tin . . . SnCl, SnI, solid, fined, decomposed by water. 

March 38, 1845. 

: I. . • 

■ . • • r . -k. . 

' I ' 
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Chlorine. . . 3088 3io0 

: . . , .52-36 52-49 

' ' ' Water. . V^. 16-41 ■• ' 16-01 
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vindelyke wi>begeerte te Rotterdam. Pirtl.Val.IX. 4tOwAottodtaail844i. 

Plan «n OrondwattaB van hat Wataaftfh Geaootachapt der Pvaafoodar* 
vindclijke wgabagaerta ta Rattaidaa. 4to. JkMandtaai 

.St. Pi'ttrsburg : — 

BoUetin de la Classe Ilktorico-Philologique, de i'Acad£mie Imp6riale dea 
Seicneea de 8b Ptonboafg. VaL L 4lo. <8it iVlmfawy 184«. 

Bulli tin (Ic la ClaMC (li s Scii ruM s Hisfori(jucs, Philologiquea, et Politiquea 
de r Acad6mie Imp6riale dcs Sciences de St. P6tersboHi]g. Noa. 25 to 29. 

Bnlletin da la CtaMa Fhjiieo-M a«hteatii|na da 1' Aaadtala lapMala dv 
Scieooea da 8t Peianbnaif. Noai 49 ta 61. 
Stockholm : — 

Arsberiittclse ora Franutegen i Kemi och Mineralogi al^ivcn doB SI 

1844. 8TO. StodUoAw 1844. 
XrsberiiltelM' om Botanutka arb«ten for 1838. 8to. Stockholm 1842. 
Koagl. Vetenakaps-Acadeouens, handlingar fiir 1842. 8vo. StodihotM 1843. 
AiriieriittelaaaBZoelagiaBaAaBiataffnndarin»t840-& Svfc 

IHI I. 

Tal af Akademieaa Prceaea Heir firinkman. 8vo. Stockholm 1843. 
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PUCSESTS. 

ACADEMIES and SOCIETIES {continued). 

Tal «f AbHleniaii Ptaw Hot JirU. Svik SttMtim 1849. 
(HVenigt af KongL V«leiiilttpt>Akadeniaoi farhudliafv. Not 1 to 7. 

Utrecht :— 

Dc Uitocfeniag der Geregt«lyke Geoeeskunde io NederUnd, door J. C 

van deo BnsclM. 0vo. CSmlf 1845. 
Uittrpk^iri \ux fie >Iel*iw«lagiKli«Wauii«idiigen»<loorW*W(alMbM^ Svo. 

Utm-hi 18H-. 

UidtooiMeii der Mcteoniogiiebe Waameariogeo, door R. rao Rwi. 8to. 

rVrc/i? 1844. 

AI.MH (.M.) M^mctire sur ks Couranta de la M6diten«n6e. 8to. 
AIRY (G. n.) Aocoant of the Noithumberlud Equatoml Md Done, at* 
tached to the Cambridge Obwnmtoij. 4to. CmOnigt 

ANONYMOUS:— 

All luvestigatiun of the Principtea of measuring Circular Plane Surfaces. 

8V0. LoKden 18*4. 
Annuniro Historiquo ct I)iographif]iio rli^s .Souvpraitift, et da MttS doflt as 

compoK I'HIitc de diverge* nations. Vol. II. Pari$ 1844b 
Britiah Alga^ l^rt 5. 4to. 

Brituh and Foreign Medical Review. No«. 37 and .S8. 

Catalogne of the Principal Fixed Stan, from obserrationi made at the Eaal 

ladia Company's Olwervalorj at Madras, bj Thomaa G. Taylor, Eaq. ito. 

Mndrat 18+4. 

Catu1()(,nir of tlx; Toitoiiea and Crocodiles i« the BtHiab Moaeuai. 8f0. 

don 1«44. 

Cliactenor the Dneli7 of Lancaitnrt tiaailaled andaditadbf W. tbtdy. 8fo. 

London 181.1. 

Dictionary of Greek and Uonian Diognpby and Mythology, edited by W. 

Smith, ULD. Paita 7. 8, 9. lOy 11. 8vo. Lomdom 1844. 
Dietiotmaire Fran^ais nt rliCrr. 8m>. Pni-u 1H4.5. 
Flora BaUTa. Parts 133, 4 and 6. 4to. Amtierdam 18U. 
Gramnwlre et Dictionnaire abr%C-8 de la Iangu« Berbero par Veotore de Fa> 

radijt. Uo. Paris 1844. 
Liatof tlu' Sjji ciiui iigo(Lepidopten>tiaIniect(iBtheBrUiahMiiae«iB. Parti. 

8vo. Ijomion 18*4-. 
List of th« Spacimena of Myriapoda in (ho Britiah Muaettm. 8v«b £«iidbM 

1844. 

litt of Birds in the Britiah MiMe<!ni. Part 3. 8vo. JUmdon 18-t4. 
Mamoin of the Ufe of a Country Sai gcon. 8vo. iMubm 1845. 
Meteorolucical Ui';;i'-t(T kept at the Ea^tt India Company s OtMerratory at 

Madras, by Ji»lin Goldingham, Esq. and ThooUM G. Tajrlor, £m), for the 

years 1822-13. fol. J/«rfra* 1844. 
Nantical Aloianae for 1848. 8to. Lomtbm 1845. 

Observations made at the Majrtiptiral nml M<>teorolof;iral Obsen'ator)' at 
Toronto, printed under the supcrinteadcnce of Licut.-Col. Sabine. Vol. I. 
18404. 4to. London 1845. 

Of«hide« ia tho ooDeotioo of Maaan. Lodd^ aad Sana. Svo. Zdrndatt 
1844. 

Pilote Fran9aisk Staidoie partie. Imp. foL 1849> 
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PjlUlEMn. 

AN'ONYMOL'S (coniinued). 
Recent ■dnocei in CiMBiitey, md Hb mpfiUMtloB to Agri««1tar6 Bm. Zm- 

don IPH. 

Select Papyri of tbe Hieratic Character in the Oritish MuMum. Part 3. foL 

Ve$tigi'« or t)ii^ Natural Hi»ton,- of Creation. Bra. Londm ]844> 
Views in Cbina. Tarts 30. 31 and 32. 
AN8TED (D. T.) GioloKy, fntroductoiy, DcMripltTe ind Practioat. 4 vote. 
8vo. London ISt-t. 

BEAMISH (Miyor N. L.) VisU to the Gleneaak E«tMte of the IrMi W««te 
Land Improvement Society. 8vo. CMk 1844. 

BEKE (C. T.) A tStati^QiiLiit of Facta relative to the TnuuactioDs bctirceii the 
Writer and the late Briliah Political MiaMim to the Court of Shoe. 8vo> 

London 1845. 

BIONDELLI (IX) Attete Liagalitico d'Euraiw, with AtlMi, Vd. I.8m 18«1. 

BOISMOKT (A. B. di\) Dps nallurirmtions, on Jlistoire ratsonii^c dcs Appa- 
ritions, dc8 Visions, dcs Sonjjes, de I'Extaae, du Magn^tismc et du Som- 
mmbalbaicw 8ra. Arie IBUL ' 

BItOOKE (H. J.) A FamUlar Intradoelioii to Cryrtallognpliy. 8vo. Lo». 
doH 1823. 

BRYSON (R.) Diacription of a New Solf-Regiateriag Bfttwiieler. ito. 

Edinburgh 1814. 

BUCH (Leopold vno.) Uber Productm oder Leptanea. 4ta Btrlin 1842. 
CARLINT (F.) EfltaDwidi Ailraaomiebe dl Milano per TAnno 1845. 8\«. 
Milano 18'44. 

CM CIIV (A.) F;x(r(trnsd'AnaljneetdePli]riiqttsMatli^tHtue.PMt« J9 

to ^2A. 4to. Pant 1844. 
CAVOUR (M. de.) Oe la Quettioo rebtWe i fai Ltghhlioii AnghlM »w le 

Commerce ties Cer^ale*. Svo. Pitriit 1845. 
CHEVllEt'L (M. C) De la Lot du CoDtrastt! simultaoc de* CotUenm» 8vo. 
Avw 18981. 

CHI AIE (S. dcilc.) Istoria Anatomico-Terratotogiea iolonio $A WM Brabina 
Rioocefalo-MoooGola. fol. Nupoii 1840. 
■ Dbeerttrionl Aiiataaiioo*Pktoiegielie. 4to. NtfoH 1894. 

— — Osservazioui Aoatoiuiclio su I'Occhio Uinano. fol. Aapoli 1838. 

CHRISTIE (S. lU &LA., Sec. ILS.) An Elementary Coune of Mathematics 
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fiw the UM of the Royal Mililaiy AcMtemy, atid for Stodenl* hi geoenl. 

Vol.1. h\o. London 1845. 

COX (W. S.) Maiiigault's illustrationn of the different aiupatatioDS performed W. S. Cox, Eeq., F.UJ$. 

on the Human Body, reprcscuted by plates, with alteratioiw and practical 

ob«er>'ations. fol. London 1845. 
CR AI'FrHD (Ales.) Eaaaj 00 the DmtofmcBt of FanetuNifc 8to. Zrfm* The Author. 

don 1844. 

DAVBENY (C.) attd WIDDRINGTON (Capk) Oa the Oeenmioe of The AnlhoM^ 

Phosphorite in K-strpm-iflura. 8vo. London 181'. 
DA VIES (T. S.) Analytical dtscusaion of Dr. Stewart's General Theorenu. The Author. 
8vah fiaiaMiy& 1844. 

DENT (E. J.) Ob the FMent Asinatb «ad Sleeriitg CompM. Bra. Lmdun Tho Author. 

1844. 
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Prewnts. Donors. 
DIEN' (C.) Mesuicfl Microm^trique* <les IrUoilcs doubira et multiples. 4to. The Author. 

DRAPER (J.) A TrcatiM on the FoMM wMdt pfodacB Ilia Oi|gMiiiitifla of Tbe Author. 

Plants. 4to. yew York 11144. 
DITNGLISON (}( . ) A INtbHe Dlsooune in eoniMBontioa of Pfeter & da Tbe Author. 

Ponceau, LL.D. 8vo. PAUade/pkia 1844>. 
DUPIN CDarm.) Consiitution, Hisfaiiw «t Awnif Jet CaiiMi d'J^fiyie de TheAutbor. 

France. 12mo. Pun* 

EHRENBEBG (C. G.) Kne mOttmclmugtm tkhw dM kbiaite Leboi th The Aotkor. 

geoIogUcbes Moment. 8vo. lierlin I8i.?. 
EKCKE (J. F.) Astrooomitcbe beobacbtungeii w Jkrlin. VoU 11. 4io. The Author. 

BciliiMr AttfonomiMbw Jahrboch fdr 1847. JBHni ■ 

1844. 

FARADAY (M.) Exporimenlil RcseuelMt in El««trieit]r. ToL II. Sto. Tin Aodior. 

London 1844. 

FAHTtllX (Edward.) F.s>ay on the WUc and VrogTem of thedootrioe of Life- The Antbor. 

C'outingcocie» in England. 8vu. London 1H44. 
FORSTEB(T.) H TQW nAlAON ATOni, being ft CollMtion of Letten m The Author. 

larlv Eilufntiiiti ariJ its iiiflin iici' In the jirt vi ntioii i)f Cnnii . Rvo. London. 

FREYCIKET (Louis de.) Voyage autour du Moudc, eulrcpru par ordrc du The Author. 
Roi. 4to. Pari$ 18M. 

FUSINIEUl ( Ambrogio.) Memorie flperinnldi Maotakft MolMolaM. Tht Author. 

4to. Padota 1844. 

GALLOWAY (T.) Memoir of Thomaa HoodefWMH Esq. 8vo. LowUtn The Author. 
1814. 

(tIULIO (SIg.) OiiuJain siiilii ('S)iit>*izi<)ri<- del ISIt. fivo. 7oWnr) 1fl15. Signof GiuHo. 

GOULD (J.) Tbe Kirds of Australia, I'art* 16, 17 and 18. fol. London 1844. The Marquis of Noithaaip- 

toa, P.R.S. 

GREflORY (\y., M.D.) Outlines of rhcmiatry. 1 VoU. 8to. Lmit» 1848» Th<- Autl.or. 

HALDAT (Dr.) Hi«toire du Mago^tisme. 8vo. iVtuKy 1845. The Author. 

H ASSKARL (J. C.) Cstalogoa Plulaniiii in horto Botanieo Bogoriwi cal> The Minister of flie loierior 

tarum alter. 8vo. JJatavia 1844. of Holland. 

HEDERT ( A. E.) Rudiineps do k Langu* Anbe^ de Thomat Efpinitti. Svo. French Minister of War. 

Pari* 1844. . 

HERDST (Dr. Gmlnr.) Des Lymphgefiissrstem, Ac 9m. CUmHfm 1844. Tbe Anthor. 

HERSCllEL (Sir J. F. Bart.) Memoir of Francis Baily, T.-.q., IMt.S. The Author. 

HOLTZM ANN (C.) Ueber die Wiinoe uod Ebwticitat dcr Gbm; und Daropfe. The Author. 
8vo. JToiiileMi 184& 

HOOD (C.) A Practical Treatisie on Vf timing BttildiBp hj H«t Water, lad The Author. 

on Ventilation. Svo. London 1844. 

HOGF.L (Baron C.) Travels to the Kashmir and the Peijah. 8vo. Lombm Major Jervii, F.RA 

1 J.i. 

UUTi HISON rCrfilKun ) An Eiumjoa tbe Katurc and Caiwe of tbe Diuioal The Author. 
0«riilations of the Barometer. 8vo. GloMgotD 1844. 

. JOHNSON (Bnanael J.) AatranonlMl Olaemliene nade at the Raddilh Tbe Raddiflh Tmatece. 

Oii^i rv-alory, Oxford, 1842. Vol. III. 8vo. Oxford 1SJ4. 
JOUNh'i'ON (J. F. W.) Lectures on Agricultural Chemistry and Geology. The Author. 
Fan 4. Sro. 
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Pnawn. 

JOURNALS. 

Aonalt of Eioctricitfi Magnetum And Ckentotijr, cooducted bj Wn. Star* 
geon. No*. 86 to 60i ' 

A»tronf>iiii<«rlu' \acbriclltaa> Km* 4l96 to 535, hy Professor SfihniiiMilMr. 
AtbcuLi'iim, from July to December 1844, January to JnM 184& 
Electrical Magazine. Vol. I. Svo. London 

Jo«nnloftheA«atieSoeialrorBeiigaLNoa.5Sifi«,«%lMLftve. CfafeiiCto. 
Philoniopbical Mag^rine Ibr the moatit «f July to Seoamhcr 18M^ JMiMty 

to Juoc 184a. 

TQdiekiill \m Myumlgke GcMihiedew en Pbjiichgle, door J. «u der 
Hoeven en W. H. dc VrieM. TUrd Mid Fouia Put of VoL XI. 18M. 
1. Vol. XIL 1845. 8ra. 
KING (Win.) On tlw Genoa SigHlMlit. 9n. Ntveatlb 19*5. 

KREIL (K.) Magn<!ti!tcbe uud Mctcorologiscbc beobachtungen zu Prag. 
S Vols. August 1844! to December 184S» 1844 to 184S. 4(0. Pn^ 
1844-4& 

LHOTSKV (J.) On Cases of Deatb by Starvation. 8vo. London 1844. 
LINK (H. F.) Vorlcsungen ubcr die Krautcrkunde fiir freitnde der Wintn* 

cbafl der Natur uud der Giirtcn. Svo. JBtrlm 1843. 

■ AnatoRiia Plantarum Iconibns illostraini Fint Vnt, 

LUBANSK! CDr.) De L'lIy-lrutlRTapie. Sro. Pitrin Ifll-j. 
LUBBOCK (Sir J. W., Uan.) On the Heat of Vapours. 8vo. London 184.^. 
MADLER (J. H.) BeobMblimgwi dar Knisarlicbco Uai«efaltili»^m««rte 

Dorpat Vol. X. 

MAHLMANN (W.) Bvmerkuagen iiber das Anilo-caspische B«cken.<8vo. 
MAITLAND (Rar. 8. R.) Index of aoA En^iah Books printed bafom the 
year 1600 as are now in die Afohiepiseaiial libncy «t Lanlietli. %<n, 

HANTELL <G. A« LL.D.) Tbe Gcdogieal Stradnn oT tin Conotiy aoan 

ftomLeith Hill In Snmj. «taw Jhriuv 1848. 
MAPS. 

Charts and Surveys published by Ae AdainUy la 18Mii 

Map of the Boundny betmon llie UnHad Slilaa and the BrWah Pravinees. 

Sb.tts. 1843. 

MAU'i'iUS (Dr.) Das Naturell, die Krankbeitcn, das Arztthum, and die 
IMtaritldder Uihewoliner Bcaalliena. 8v0k MuHehen 1844. 

MATTGUCa (C.) Tmiti des Phtnonteea Eketio*Pby«iologii|ua daa Aid- 
maiut. Svo. Paris 1844. 

MATTEUCCI «t LONGET. 8w la Relation qui eiirte entre le Sens dn 
Courunt Electrique et les routractions musculaifo^. 

M^NADREjV (L. F.) M^moire sur les Quadratures. 4to. Turin li^44. 

■ Mteoiieanr k SIfie de Lagnmgo. 4to. TVrjn 1844. 

MOORK (J.) Surgical Caaca treated «t the Qnean's Hoapltal, : 



8vo. London 1845. 

MORTON (&, MJ>.) An ItMiniry into tbe DrstiBctive Characteristics of the 

Almriginal Race of .\mi rita. Svo. Philadelphia l^H. 
N.\RRIEN (J.) Practical Astronomy and Geodesy. 8vo. London 1845. 
NEISON (F. G. p.) Contributioas to Vital StatistiGS. 4to. London 1845. 
ORLICH(L.) RoiN Is Oat^Indlon. 410. JSafpak 



l>om»e. 

The Editor. 

Tlic Author. 
Tlif Editor, 
'llie Editor. 

The Sodetjr. 
Riehnid Tkylor, Esq. 

ThoBdHon. 



The Author. 
The Author. 



The Autlior. 
The Author. 



The Author. 
The Author. 
The Author. 

The Author. 
The Author. 



The Author. 



The Adniralty. 

Major Grahain, United 

States Engineen. 
Tbe Author. 

The Author. 

The Authon. 

The Author. 



W. & Coa^ Eiq., P.R.S. 

The Author. 

The Author. 
The Anthoi; 
The Author. 



Digitized by Gopgle 



L 8 ] 



Phfskvts. 



PERSIGNY (Finlin de.) De k Delation ct de I'UtilitC- permMente dcs 
Jiyfiiiudes rl'E^^pte. Svd. PatU 194S, 

PEITIGUEW (T. J.) Letter to the Dean of Hereford in reply to the publi- 
cation of his corrcgpotidcncc relative to the iffiun of the Brituh Arqtiieolo- 
gical Association. Svo. Lomhn IM5. 

PICKETT (W. V.) New Syttam of Architecture founded on the fonat «r 
natiirp, nnd dcTelopirif; the propi rtii s <if .M< t;>ls. 8vo. London 184-5. 

PIDDINGTON (U.) The iiom-ikiolc of .Stornia for the Indian and China 
Sen Bra. CUmMs IBM. 

PI.ANTAMOrn (F..) (XjfM'n'mions A»troiMiniqitcii ftltei k ItNlMmtoij* 
dc tienive ea 18*3. +to. Ge$tevt 18^4. 

■ R£tul(itt del OliMnniUau MagoAiqiw* fiUm i 

Hi iiLvp dans Ics unnfi'S ISl-d-i^. +to. Gettitce 1844. 
POLE (W.) A Treatise on the Corniftb Pumping £ogia«i. 4to. London IS'ti. 
QUAIN (R.) Thfl Anatomy oftbe Arteifaa. Fkrl 17. lot. Lmdut ISMv 

QUETELET (A.) MCtf-orokigie. 8va. BnueUei 1844w 

■ Rapport Mw uB Hteoiw 4e M. Feltin intitulC " Re- 
cherchM lor kn Ciunt dn Vnrintioiis Bmomftriqaea." Bvo. Bnadbt 
1815, 

» Rapport par M. Crahay sur un Compas pr^amtfi i TAiar 
dAnte pur M. Gerard. 8vo. BruzeUu 1845. 

Itccherches Stati«tique9. 4to. BruxtlUs 1844. 

R^um^ de« Obettrvatious Magn^ques et MC-tuoruh)- 



giqnes- 4to. Bnmdtu 1844v 

— Siir Ic Fmid dp I'f liver dc 1914-5. Svol 



lUS. 



RGDFIELD (W. C; Ice in the Nurlh Athuitic. 8to. 
REPORTS. 

Report on the Mr^llcal Tspogltpliy of th* FfOWiMWI of MthbiT «ad CmMIM. 

8to. Madras 18H. 
Rcpoft on Uie Mediod Topograpliy of tbe Soodiero DivUon of the Medita 

Army. 6vo. Madras 1843. 
Report to the Nevy Dcpartmeot of the United Stetea on Americen Coeli^ 

by Wetter Jiaknaou, Esq. 8vo. WaOiaiglaii 184i. 
Report on the Sorv^^ of the United Steict Coett for 18Mb 8vo. WtMiiglm 

1844. 

Report* of the Truntcea of the Philadelphia Gaa* Works. 8vo. Phiiadelphia 
188B. 

Summary of the Wfckly Tables of Mortality for 1844. 
RICHARD et GALEOm. MonograpUe des Orchid^ Mexicainea. 4to. 
Ant 18*4* 

RICHARDSON f.T.. !M.D.) Tl.r Zoology of the Voyage of ILMjS. Erehw 

end Terror. Part 2. Fishes. 4to. Lotubm 184i. 
RIDGE (Bn M.D.) Phyriology of the Uterus Ptaeente and Peetna. Sro. 

London 1st.'. 

RIVE (de la G.) Notice sur la Vie, et lea Oavn^es de A. P. De Candolle. 
8vo. Glen^lSiS. 

RO\XE(J. P., M.n.) Medical Education, beiny • Leetnre dcUveied et 
King'* Coll^ Lomknb BfOb Landau 18*5. 
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Pftnnm. 

SCIIAl'ITAUTL (Dr.) Die Gcologir In ihrcm 

NaturwuMOMshiifteD. 4 to. Munehm 1843. 
8CHEERER (Dr.) Obcr den Nofit and die «af der Inad HiClHiia in i 

Gi'birgsart vorkonimemleii minorr.llenreiclicn Granitg!iage« foL lM4a 
SIMMS (F. W.) Pniccicai TuDoeUii^. Va. London 184^ 
SIMON (J.) A Physiological Etaay 00 the Thyram Obod. ¥o. ZombnlMA. 
STARK (Jas., MJ>.) On the Nature of the Ncrvou.^ Agency. 8to. 
STftUYE (O.) ObsermtioM Mttforologiqaet fiute* i Nya6>T«gailak «a 

8vo. Aim 184S. 

— i"- IMtanninatioii dn Poaitions G6agimpliiqiui de Nevigairadi 

Moacou, Riajtan ct Lipetsk. 4to. St. Piter Aottrg 1843. 
STUUYE (F. G. W.) £xp<klition Chrooom^trique oK^ut^e par ordie dr u. 
Nioolw l** cntn Anlkm et Akaoii, poiv^ 

Longitude gcographiqae fOirtivtt de rebietfetolfe eantnl de Rvrie. faL 

SL PiUT$b<mrg 1844. 
STURGEON (W.) Ob Mm 

bodiea. 8to. Maneketter 1845. 
TIBERGHIEN (Qnilkmne). Ewu Thiorique et HiitoriquAsiir l»Gte£ntiim 

des ConnumMea hmudMadeiit Ma Rapports tTeo leMorale, leFoBliqtw 

et la Heligion. 8vo. BnoeBes 184*. 
WEBSTER (Dr. J.) lieport of theBo|ilII«piiidaof Bod«ir«|l«iidBelU«n 

for 1844. 8vo. London IMS. 
WUXaiCM.) Aund Sq^leiMiit lo TUm GoauaoMieM TMm tn 

1845. Svo. London 1845. 
YATES (Jamea.) Od the Uae of the terma Aoantbus, Aoanthion, Ac. Svo. 
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